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: Research on Internal and External Memory
e Systems Conducted at the Free Uniygtsity"
XN Of Berlin u.iueiiieeeeessossscscasanascsssnassenssasssss William D. Crano 1
‘.: t
’ﬁ( The work of Wolfgang Schénpflug concerned with the principles in con-
'Q& trolling the use and choice of external versus internal information is
£y reviewed. The author states that such work is important to the study of
human cognitive functioning, and he hopes that the approach exemplified
iy in Schénpflug's work will be more widely used.
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17th Annual Meeting of the Scandinavian

o Society for Immunology seccceeececscesecessssss Claire E. Zomzely-Neurath 7
o ,
5¢- Selected presentations at this conference, held in June 1987 in
W . h
fﬁﬂ Uppsala, Sweden, are reviewed. Topics are cell receptors and antigens,
ﬂq, B cells and antibodies, genes and gene expression in lymphoid cells, and
Agz new immunological methods.
e Biotechnology at Warren Spring‘Laboratery,
! . +«. ,Stevenage, UK jie...ceevveceesnccaccassasssss. Claire E. Zomzely-Neurath 13
L)
|§ The work of the Warren Spring Laboratory's Biotechnology Division is
:“ﬁ reviewed. The discussion focuses on the effcrts in downstream processing--
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in particular, on primary separation and bacterial genetics--and industri-
J al microbiology.
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Jk; The papers presented at this meeting, held in June 1987 at Bourne-

) mouth, UK, are briefly summarized under the topics of high-density, inter-

Qf? connection systems, materials in hybrid technology, and surface mount

A technology.
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“»8ialon Ceramics Research at The
University’ of Newcastle-Upon-Tyne j......................... Louis Cartz 23
*

Sialon ceramics are investigated at Newcastle~-Upon-Tyne by the group
headed by Dr. D.P. Thompson. Nitrogen sialon glasses are shown to be
transparent., Methods of overcoming the effects of the glassy grain bound-
ary phase are being investigated.

Mathematics

ﬁitificial Intelligence and Related
Research at SAlerNO , accecescecsosecossssscsssncsesncssessnesssas Paul Roman 26

Unusual, broad-bagﬁg, multidisciplinary work on the fundamental,

structural aspects of artificial intelligence research is done at the De-

partment of Theoretical ' Physics, University of Salerno, Italy. Neural

network (cellular automata) analysis is the current focus, but many other

aspects of large, complex, interacting systems are also explored. Specific

examples are image analysis or mathematical linguistics.

Mechanics

Joint Meeting of the French and Italian
Combustion Societies j,................................. Eugene F. Brown 28

Selected CFD-related presentations at this meeting, held in June 1987
in Amalfi, Italy, are reviewed. Topics under which the presentations are
grouped are: gas turbine combustion, combustion simulation and modeling,
industrial applications, and experimental investigations.

US-France Workshop on Turbulent
REACtivVe FlOWS ,.i:iceveesvssossecacsanssessssssssnssssess Bugene F., Brown 35

This joint US-France workshop was held in July 1987 in Rouen, France.
Presentations given in the four sessions--structure of turbulent flames,
measurements, supersonic combustion, and numerical methods--are reviewed.

Fluid Mechanics Résearch at the
University of Naples .........ccivevieveecssncennesess.. Eugene F. Brown 42

A wide variety of fluid mechanics researches are being undertaken at
the University of Naples including both fundametal and applied work. Close
links with the new Italian Center for Aerospace Research is likely to ac-
celerate the development of aerospace-related research at the university.

Fluid Mechanics and Combustion Research at
The Polytechnic Univgreity of Madrid and
The University-of Zaragoza j......cceceveeseeessssses... Eugene F. Brown 45

Research in fluid dynamics and combustion at these two universities
is reviewed. The author states that Spain has only a few centers, such
as the ones he reviews, which have well-developed research programs, but
he expects that in the next few years there will be a sharp increase in
the number of Spanish universities developing high-quality research pro-
grams in fluid dynamics.,
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Ocean Sciences

COST-43:"Seminarlon Operational
Ocean Station Networks gesesessesresassrisancassssesssas Jerome Williams

This fifth COST-43 technical seminar was held in June 1987 at Brest,
France. The presentations are summarized and discussed under the headings
of COST-43 programs, national and international programs, and evaluation
and new developments.

Air-Sea Interaction Meeting of the
UK's Royal Meteorological Society seceevcecsccsceecssesss Jerome Williams

Presentations made at this meeting, held in July 1987 at Southampton
University, are reviewed. Topics include bubble clouds, fluxes, fronts
and gradients, remote sensing, models, and ice.

Physics

s
A Small French Meeting on .
Optical Cobmmunications € oiriiiiiieiietrassaerstsessanseasnssss Paul Roman

This article reviews selected topics presented at the "Telemat 87--
Horizons de 1l'Optique" conference, held at Marseille in June 1987. The
general background of the conference is described, and optical telecom-
munication, optoelectronic materials and devices, and integrated optics,
as well as the possible role of optics in computers, is given special at-
tention.
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Materials Research in G&teborg, Sweden .....ccceveceesscssssee Louis Cartz
Meeting on Composite Materials in

Sweden, March (1988) ......cceceeetscocscsuscsnsassssacsssss Louis Cartz
Mechanical Testing of Engineering Ceramics

at High Temperatures ...cieeecesssssescccescsssceasscsssssesss LoOuis Cartz
Hydraulics and Fluid Mechanics Research at

Ecole Polytechnique Fédéral de Lausanne ................ BEugene F. Brown
Oceanography: Institut Francais de Recherche

Pour 1l'Exploitation des Mers (IFREMER) .....cccvceeesss. Jerome Williams
New International Advanced Multidisciplinary

Theoretical Study-Institute Announced ....ccceecccsessessesss. Paul Roman
Structural Effects in Amorphous Ferromagnets--

An ONRL-Supported Conference SeS88iOn .....ceceeeeeceeessecssss. Paul Roman
ONR-London has Sponsored a Conference

Session on Unusual Applications of

Advanced Molecular SPeCtIOSCOPY «evesessscssccascsascnsssssss Paul Roman
An International Optics Exhibition in Madrid .......¢¢¢eec¢.... Paul Roman
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Behavioral Sciences

:'"t. .-.“ i #‘\" "

RESEARCH ON INTERNAL AND EXTERNAL MEMORY
SYSTEMS CONDUCTED AT THE FREE UNIVERSITY
OF BERLIN

by William Crano. Dr. Crano is the Liai-
son Scientist for Psychology in Europe
and the Middle East for the Office of
Naval FResearch's London Branch Office.
He 18 on leave until June 1988 from Tezxas
AgM University, where he 18 a Professor
of Psychology.

The principles that govern the man-
ner in which people store information in
memory is a continuing concern of exper-
imental psychology. Now, social psy=-
chologists, too, have become concerned
with the more socially oriented mem=-
ory processes~-e.g., person memory (cf,
Hastie, 1977; Hastie and Carlson, 1980;
Hastie and Kumar, 1979). Most current US
research on memory is focused on what
might be called "internal" information
storage. (For a noteworthy exception see
Wegner's work on transactive memory: Weg-
ner, 1985; Wegner, Giuliano, and Hertel,
1985.) That is, we have directed our re-
search attention to the study of tactics
that people use when encoding information
into long~term memory, or when retrieving
information from memory in order to apply
the previously stored information.

There is a whole range of memory
phenomena, however, that are not ad-
dressed in contemporary mainstream memory
research in psychology. These phenomena
have to do with the exzternal storage of
information, a ubiquitous feature of
modern life. Since the invention of typo-
graphy, external storage devices (e.q.,
books, lab notes, magnetic tapes,
diskettes, etc.) have exceeded human
memory in terms of capacity, stability,
and at times, speed of encoding. Yet,
almost no formal research has been di-
rected to the principles involved (if
any) in controlling the use and choice of

external versus internal information
storage. Wolfgang Schénpflug (Free Uni-
versity, West Berlin) has attempted an

ambitious experimental attack on this
problem. The results of his research
series on the factors that influence the
trade~off <criteria that mediate the
choice of internal representation or ex-
ternal storage of information 1is the
focus of this report.

Two Nonindependent Systems of Mental Rep-
resentation

Broadly, people can store informa-
tion in two ways--in internal memory, and
through external devices, such as notes,

books, etc. The advantages and disad-
vantages of these mechanisms are very
different. Information retrieval from

internal memory is practically automatic.
It is fast, tailored to the needs and
context within which the recall occurs,
and generally consistent with the inten-
tions of the information retriever. How-
ever, internal storage capacity is lim-
ited, and its efficiency can be degraded
by a host of contextual distractors.

External storage devices are practi-
cally limitless in terms of capacity, and
they can be extremely fast. However, they
are nonreactive (or nonaccommodative)--
i.e., they do not adjust to the context
or to the needs of the individual. In
addition, in order for them to be useful,
externally stored data must be repre-
sented, or tagged, in internal memory;
the individual must know that the requi-
site information is stored externally,
where it is stored, how it is organized,
and how to access it. Thus, the utility
of an external storage device is in a
very major respect dependent upon the
quality of its representation in internal
memory.

Research on metamemory--the manner
in which people remember how they remem-
ber, the strategies they use to store or
retrieve information-~could profit from
considerations focused on the issue of
internal/external storage of information
(cf. Flavell and Wellman, 1977). Almost
all research on metamemory is concerned
ultimately with internal representations.
Clearly, however, if external storage is
established as an important feature of
human memory, then the metamemoric rules
governing its utilization are worthy of
detailed consideration. As Schénpflug has
observed, "So long as mainstream memory
psychology does not deal systematically
with external storage, it misses substan-
tial pragmatic, ecological, and evolu-
tionary aspects of the memory function."

Considerable research points indi-
rectly to the importance of understanding
external memory. Many experiments on
problem solving, arithmetic, design
tasks, etc. have shown that keeping notes
or consulting a list of decision rules
increases the amount of information
available to the problem-solver, and sub-
sequently enhances performance. In psy-
chology, however, the only research di-
rectly focused on external encoding and
retrieval has been undertaken in the
study of the effects of note-taking
during lectures (e.g., Barnett, DiVesta,
and Rogozinski, 1981). while offering
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some useful information, the literature
of this area is uninformative with re-
spect to the more general issue of the
conditions under which internal memory or
an external device will be the preferred
information storage mechanism.

Two Preliminary Studies

In the preliminary investigation of
this issue, Schoénpflug (1986) performed a
simple experiment in which subjects were
asked to imagine that they had been
stranded on a desert island for 12 years,
cut off from all information of the cur-
rent world of 1999. They were to be ex-
posed to a series of texts which de-
scribed current conditions, and they were
to be prepared to produce a reproduction
of the texts after the entire list (of
27 texts) had been presented.

They were given the option of memo-
rizing the information presented on a
given text, or memorizing the text refer-
ence, which would allow for its retrieval
from the computer in which it was stored.
The texts varied in terms of difficulty:
more difficult texts contained more words
and more information. Reference diffi-
culty, too, was systematically manipu-
lated. The principal measures of the
study were <concerned with subjects'
ratings of the difficulty of the texts
and their references (forms of manipula-
tion checks), and their intention to mem-
orize one or the other or both of these
two data components. Actual memory per-
formance was not a critical feature in
the study, which was concerned primarily
with the subjective trade-off decision
between text and reference learning, and
the effect of difficulty on this deci-
sion.

Interestingly, a substantial and
statistically significant preference fa-
voring text learning over external stor-
age was found in the study. When a dif-
ficult text was encountered, subjects
attempted to learn it and its reference.
With easy texts, only the text was
learned, its reference neglected. The
difficulty level of the reference was of
only secondary relevance, In many ways,
these results make good sense. Clearly,
if one is to use the reference, he or she
must know what it contains (i.e., remem-
ber at least something of the text).
Thus, reference learning ({(which entails
the use of an external storage mechanism)
of necessity involves text learning (in-
ternal storage}. As such, it often can
involve more cognitive effort than in-
ternal representation, and it 1is thus
employed only when text memorizing is of
sufficient difficulty to practically
force the issue.

Of course, this study far from set-
tle= the question. There are aspects of

the findings that might be questioned:
was the magnitude of the relative varia-
tions in information complexity contained
in texts and references sufficient to
produce an effect? what was the influence
of other potentially critical variables?
etc. Schénpflug recognized the fact that
there was still much to be learned on
this issue, and planned a series of ex-
periments designed further to elucidate
the factors that influence ©people's
choice of internal and external storage
mechanisms.

Before he began, however, Muthig and
Piekara (1984) reported on research that
produced results certain to provoke puz-
zlement among those who, like Schdnpflug,
believed that principles of cognitive
economics would govern the manner in
which people would store information. 1In
their study, Muthig and Piekara told
their research subjects to assume that
they were to write a report on living
conditions for humans on a fictitious
planet about to be populated. Sixty
statements were presented regarding vari-
ous aspects of life on the planet, and
they were to base their report on this
information. Half the statements were
relevant for the task, the others irrel-
evant. The statements varied in their
generality-specificity and in their 1lin-
guistic complexity (cf. Kintsch et al.,
1975).

Subjects were allowed either to take
notes on the texts, or to request printed
copies of any of the 60 statements. Anal-
ysis disclosed that the number of notes
taken was almost exactly equal to number
of copies requested, and both of these
measures were almost completely de-
termined by the relevance of the infor-
mation for the task at hand. Previous
research (Hillis & Crano, 1973) had al-
ready demonstrated the importance of in-
formation relevance (or utility) in de-
termining subjects' self-exposure to in-
formation, and Muthig and Piekara's re-
sults replicate these earlier findings.
In addition, however, their data suggest
that specificity, ratings of text dif-
ficulty, and linguistic complexity of
information were of but minor influence
on subjects' preferences for the use
of internal or external storage mecha-
nisms.

Text Length, Relevance, and Specificity

These results did not strike
Schonpflug as definitive or as completely
reasonable--probably because they proved
so contrary to his theoretical expecta-
tions. In attempting to rationalize the
developing theory concerned with the
trade-off between internal and external
storage mechanisms with the findings of
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Muthig and Piekara, he proposed the fol-
lowing line of logic:

® Text complexity adds to the demands
on internal memory, and thus will fos-
ter a shift from internal to external
storage

® However, if externally stored informa-
tion must be represented internally--

e Then external storage will be effec-
tive only if the internal representa-
tion of the (externally stored) data
is sufficiently reduced to prove ad-
vantageous to the human information
processor (cf. van Dijk, 1980)

® Therefore, external storage will be
undertaken only with complex items.

With this set of ideas in mind,
schénpflug began an investigative series
that was to reinforce the adage, "When
the data get in the way of a good theory,
try again."”

The central task of the subjects in
this study was similar to that used by
Muthig and Piekara. Subjects were told
that they were going to have to write a
paper on the issue of a mass immigration
to a newly discovered planet, Theleos.
The paper was to list all the positive
and negative features of 1life on the
planet. In their instructions, subjects
were told:

Theleos is a newly discovered planet.
First projects of interplanetary
transportation, of colonization and
exploitation have been fairly success-
ful. The initial experiences have pro-
moted the idea of turning the planet
Theleos into an alternative homeland
for terrestrials, and thereby reduce
the overpopulation of the earth, [We
now have] to make a decision whether
to launch a program for mass emigra-
tion. The material to be considered
in the report to be written...is kept
in archives, and a search through the
archives is needed to find all rele-
vant material, However, there is no
systematic documentation of the rele-
vart material available; therefore, a
larger stock of material has to be
searched through which also contains
irrelevant pieces of information,

A total of 108 texts were presented
via computer terminal, They varied in
length, relevance, and degree of specifi-
cation. In addition, presentation time
was systematically varied: some subjects
could inspect a text for as long as they
liked; for others, the text disappeared
from the screen after 20 seconds. A final
variable manipulated the costs for ex-
ternal storage: In one condition of the
design, subjects needed only to press the

"P" key of the computer keyboard to re-
ceive a print-out of the displayed text;
other subjects were forced into an ex-
tended (70 second) dialogue with the com-
puter before a given text would be
printed.

The results of this study were much
closer to expectations than those of
earlier experiments. There were many
interesting results discovered in the
research, but the most impcrtant of these
were that (1) subjects were more likely
to make use of external storage devices
when the text was relevant, and (2) this
tendency was exaggerated when the text
was long or specific. As might be ex-
pected, exposure time to the texts in-
creased as costs for printing increased;
people were more 1likely to memorize a
text (i.e., to use internal storage) as
external storage costs increased. Fig-
ure 1 presents a good summary of the
major findings of the study.

One apparently anomalous result re-
ported by Schdénpflug concerned the fail-
ure to observe an increase in use of ex-
ternal storage under conditions of lim-
ited exposure time, It seems natural
that subjects who did not have sufficient
time to memorize a relevant text would be
more likely to resort to the printer than
those who could study the text at their
leisure. However, this differential tend-
ency was not apparent. I believe that
the difference did not occur because all
subjects printed most relevant texts re-
gardless of temporal constraints. As a

SPECIFICATION | LOW  HIGH

LENGTH LOW {0——0 4—4
HIGH |0——0 A—a

e
B

PROBABILITY OF PRINTOUT
r'S
o

NONE Low HIGH
RELEVANCE OF TEXT

Figure 1. Probability print-out (storage)
as a function of text length, relevance,
and specificity.
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consequence, no differential tendencies
to store data between the high and low
processing-time groups were evident. Ex-
ternal storage had reached a psycholog-
ical ceiling under some of the experi-
mental conditions. The data of Figure 1
support this interpretation, and help to
make sense of an otherwise puzzling lack
of difference.

Enhancing Ecological Validity

A second study was performed to
lend greater reality to the information
search/trade-off decision task. In this
experiment, text material was presented
hierarchically. The first level of the
text hierarchy presented in a very few
words the theme of the information that
was contained within the remaining mem-
bers of the hierarchy. So, for example,
the first entry might read, "The weather
conditions on Theleos." The second level
of the text hierarchy elaborated on this
theme: "Theleos has a regular day-night
rhythm, accompanied by equally regular
variations in temperature. Wind and cloud
formation with precipitation may be ob-
served."” The third and fourth levels
were even more detailed. Mean numbers of
words per level were 4 on level 1 (range:
2-8 words), 18 for level 2 (range: 9-
49 words), 27 on level 3 (range: 16~
52 words), and 50 on level 4 (range: 26-
95 words).

The procedure of the experiment
was much 1like that of the first of
Schénpflug's studies, except that a "no
relevance" text condition was added to
the low and high relevance text presenta-
tions, and no exposure time variation was
included--subjects could view materials
for as long as they liked. In general,
the results of this study confirmed ear-
lier findings. Analysis of the data dem-
onstrated that:

® Relevance of text information was a
major determinant of subjects' use of
external storage

® Greater relevance resulted in more
frequent storage

e Costs for storage had a significant
impact: the higher the costs for
printing, the lower the probability
of printouts (given material of equal
relevance).

The text-hierarchy variation also
made for interesting effects. Basically,
subjects were always exposed first to the
lowest level of each of the text hier-
archies, and from there could choose to
enter more deeply into the material by
exposing themselves to successively high-
er steps in the hierarchy. In some cases,
of course, the first-level information
was completely irrelevant to the task at

hand, and this signified that the (more
detailed) information that followed with-
in that hierarchy also was irrelevant.
In this event, further exposure within
the hierarchy almost never occurred.
However, as subjects entered deeper into
the relevant hierarchies, exposure time
increased, as did the likelihood that the
information would be printed. At each
successive level within the relevant
hierarchies, printout (i.e., external
storage) probabilities increased.

Recall and Dissociation, Experts and As-
sistants

A central tenet in all of the work
discussed to this point is that the ef-
ficiency of externally stored material
is dependent upon the quality of its in-
ternal representation. When external in-
formation becomes dissociated from its
internal representation (by, for example
forgetting), then the quality of recall
is degraded. 1In the third and final ex-
periment of this series, Schdnpflug at-
tempted to construct an analogy in which
maximal dissociation occurs between in-
ternal and externally stored information.
He did this by studying two subjects in
tandem in each experimental session: the
job of the first was exactly the same
as that of the subjects in the second
experiment--to examine hierarchical in-
formation, and decide which to store and
which to memorize. The general instruc-
tions and overview of the task as pre-
sented to the subject were exactly the
same as those presented subjects in the
earlier study: He was to read informa-
tion about a soon-to-be inhabited planet,
Theleos, and to write a report regarding
the pros and cons of this venture. To
facilitate this task, the subject could
either memorize the information that was
presented (as in Study 2, the information
was presented in a hierarchical fashion)
or print out relevant data. Let us call
this individual the ezxpert.

The second subject in each group was
told that he was to act as an assistant
to the expert. The assistant'cs task was
to select and print material that would
be considered by the expert in developing
his report. The assistant himself was
not to write the report, and he could
not communicate directly with the expert.
Thus, the assistant was an agent of stor-
age, but not of retrieval. This setup is
interesting because it creates an analogy
to a situation within the individual in
which internally and externally stored
information is dissociated. Clearly, the
expert could not have an internal repre-
sentation of the information stored for
him by the assistant. As such, there
is maximal dissociation between the two
forms of data. Of course, the choices
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Figure 2.
tion of text relevance,
and retrieval role.

Mean exposure times as a func-
hierarchy level,

of the assistant were never really made
available to the expert in this study.
The point of the experiment was to in-
vestigate similarities and differences
in patterns of information exposure and
storage between individuals working in
the different roles.

The methodology of the study dif-
fered only slightly from the second ex-
periment. The same hierarchically ar-
ranged text material was used, as before.
There was no time limit on exposure to
information. The role of "assistant" con-
stituted the significant addition to the
research operations.

The results on exposure time are
presented in Figure 2. As shown, there
was a clear tendency for lengthier ex-
posure on the part of the experts~-
especially if the text was of high rele-
vance. In addition, there was a general
tendency for relevant information to be
inspected for longer periods as the sub-
ject climbed the informational hierarchy.
This tendency was greater for experts
than for assistants.

Figure 3, which 1is concerned with
the probability that a text would be
printed (or stored), provides some ex-
planation for this finding. As shown,
the assistants were more likely than ex-
perts to print texts of either high or
low relevance, At the third and fourth

perts. As such, there was less need for
them to spend much time exposing them-
selves to the information. Having de-
cided that a given hierarchy was rele-
vant, the assistant needed merely to
proceed through it to the third or fourth
level, and print the information. The
expert, on the other hand, had to form an
internal representation of the printed
material--no matter what its position in
the hierarchy--in order to be able later
to use the stored information efficient-
ly. Finally, as shown in Figure 3, there
was a significant difference between ex-
perts and assistants in terms of likeli-
hood of external storage: the experts
were less likely than the assistants to
store information.

These results are interesting be-
cause they indicate that relevance and
complexity of information affect the be-
havior of people who are encoding infor-
mation for another in much the same ways
that they affect people encoding material
for their own use. To be sure, the print-
out (storage) rate of the assistants was
considerably greater than that shown by
the experts; this finding suggests that
internal processes were used by experts
to replace external storage. The differ-
ence between assistants and experts de-
creased at higher 1levels of relevance.
This, too, is as it should be: at all
levels of relevance, the assistant would
be more likely to store information, and
this tendency would grow at higher levels
of the hierarchy. The expert's reaction,
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levels of the text hierarchy, for ex-
ample, Figure 3 indicates that the as- Figure 3. Probability of printout (stor-~
sistants were apt to press the print age) as a function of text relevance,
button much more readily than the ex- hierarchy level, and retrieval role.
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however, might be expected to be somewhat
less linear. He well might store the
high-level information externally, but
for information at the low level of the
hierarchy, he is perhaps more likely to
use internal storage and disregard the
printer.

Interestingly, the assistants did
rot store everything available, nor even
all highly relevant information. They,
like the experts, recognized that proc-
essing masses of information was not ef-
ficient, and apparently were guided by
concerns for parsimony and information
processing efficiency. Most likely to be
omitted was irrelevant information, and
then information that appeared to repli-
cate data stored earlier, even if the
information to be omitted was highly rel-
evant.

Some Final Observations

The present series of studies repre-
sent an initial, exploratory attempt to
understand more about the processes that
govern the external storage of informa-

tion. In and of itself, the fact that
there 1s so 1little information about
these processes, relative to that in-
volving internal (memory) storage, com-

mends this research. There is still much
to be learned--the present research se-
ries merely scratches the surface. For
example, it would have been nice to have
had some outcome measures in these ex-
periments (e.g., quality of the paper
written on the basis of the information
encoded), perhaps some measures of in-
dividual differences in choice and opera-
tion of memory systems, etc. However, it
would be misguided to be too critical of
this work. It is an initial approach to
the study of an important 1issue, and
should be read as such.

Most directly, the importance of
this research resides in the information
it provides about the operation of ex-
ternal storage mechanisms, and about the
trade-off criteria that people employ
when deciding between internal represen-
tation and external storage of informa-
tion. However, since external information
storage 1is, of necessity, accompanied by
an internal representational tag to the
external data store, it cannot be viewed
as independent of the study of learning
and retention. As such, investigations
of indirect storage mechanisms can pro-
vide important 1insights into internal
memory processes. As an additional ad-
vantage, studies of this type offer a new
methodology that profitably may be used
by researchers in human memory. The
methods employed in the study of external
mechanisms may allow us to infer the
operation of internal memory processes by
observation of overt behaviors, which

share common functional features with the
internal memory system. In addition, the
study of external storage systems makes
available experimental manipulations that
are not possible in traditional memory
research.

The study of the external storage of
internally represented information offers
a host of methodological and theoretical
advantages to the scientist committed to
the study of human cognitive functioning.
It is my hope that the general approach
exemplified in Professor Schdnpflug's
work will be more widely adopted and em-
ployed. We are only at the beginning
of a long road to understanding the human
memory. The study of the trade-off cri-
teria that people use in employing in-
ternal or external information storage
may greatly facilitate our voyage.
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Biological Sciences

17th ANNUAL MEETING OF THE SCANDINAVIAN
SOCIETY FOR IMMUNOLOGY

by Claire E. Zomzely-Neurath. Dr. Zon-
zely-Neurath ig the Liaison Scientist for
Biochemistry, Neurosciences, and Molecu-
lar Biology in Europe and the Middle FEast
for the Office of Naval Research's London
Branch Office. She is on leave until July
1988 from her position as Director of Re-
gearch, the Queen's Medical Center, Hono-
lulu, Hawaii, and Professor of Biochemig-

try, University of Hawaii School of Med-
ieine.
Introduction

Symposia, workshops, poster ses-
sions, summer school, and exhibitions

were features of the 17th Annual Meeting
of the Scandanavian Society for Immunol-
ogy, which was held at Uppsala Univer-
sity, Uppsala, Sweden, from 1 through 6
June 1987. The largest number of the
several hundred@ participants were from
the Scandinavian countries (Norway, Fin-
land, Denmark, Iceland, and Sweden) with
Swedish scientists in the majority. How-
ever, there were also attendees from
other West European countries such as
Switzerland, West Germany, and France. In
addition, the UK, US, Canada, Japan,
Australia, Argentina, Ethiopia, Israel
and Poland were also represented.

The first day of the meeting was
devoted to a special symposium entitled
"Neuromodulation of Immunity."” The topics
addressed in three symposia were:

® T-cell receptors and T-cell function
® Immunology of infectious disease
e Immunology of parasitic disease.

In addition,
sions on:

there were 14 workshop ses-

Immunodeficiencies-AIDS

Immunology of infectious disease

Transplantation immunology

Cell surface receptors and antigens

Regulation and function of natural

killer (NK)-cells

B-cells and antibodies

Autoimmune disease

T-cell interactions

Genes and gene expression in lymphoid

cells

New immunological methods

Vaccines and antigen presentation

Lymphokines, growth factors, and com-

plement

® Role of MHC (major histocompatability
complex) and MHC-associated gene ex-
pression in tumors

¢ Neuromodulation of immunity.

Three to four workshop sessions took
place concurrently during the period of
the meeting. The summer school which was
scheduled to follow the conference was a
2-day teaching session covering the topic
of the expression of oncogenes and regu-
lation of growth and differentiation in
normal and malignant lymphoid cells.

A wide range of subjects in the area
of immunology research as well as many

excellent presentations were covered
during this conference. Sweden, in par-
ticular, has been and still is very

strong in immunology research and this
was manifested by the high level of re-
search presentations. Since it is not
possible to report on all the talks given
at this meeting, only summaries of se-
lected papers can be presented in this
relatively short report.

Cell Receptors and Antigens

Studies on the induction of leuko-
cyte aggregation by antibodies to large
sialoglycoprotein were reported by B.
Axelsson (Department of Immunology, Uni-
versity of Stockholm, Sweden). Monoclonal
antibodies reacting with large sialog-
lycoprotein (LSGP, molecular weight of
120 kDA) were found to produce aggrega-
tion of human leukocytes. Whole immuno-
globulin (IgG) as well as Fab-fragments
of the antibodies induced aggregation at
doses of 10 nanograms/ml, well below the
saturation dose. Aggregation was visible
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after 3 hours and reached a maximum after
about 6 hours. In T-cell cultures, the
majority of cells participated in aggre-
gate formation whereas in B cell cultures
fewer cells were engaged. Aggregation was
inhibited at 4° C and in the presence of
sodium azide or EDTA. Aggregation was
also blocked by antibodies to CDlla/CD18.
The results suggest, according to Axels-
son, that antibodies to LSPG trigger
CDhlla/CD18-dependent adhesion either in-
directly by signalling via LSPG or di-
rectly by induction of CDlla/CD18 re-
active determinants in LSGP.
B-cell chronic lymphocyte leukemia
(CLL) with aberrant expression of CD8
antigen was investigated by L. Borgonovo
(Karolinska Institute, Huddinge Univer-
sity Hospital, Stockholm, Sweden). The
monoclonal antibodies (Mabs) against CD8
(T-suppressor/cytotoxic) antigen (Leu/OKT
8) were found to bind to leukemic lympho-
cytes from a patient with a B=-chronic
lymphocytic leukemia. The B-cell nature
of the leukemia was established by the
presence of both surface and cytoplasmic
monoclonal IgG and by the positivity for
B-cell specific markers as judged by
staining with Mabs (B,, B,, and anti-HLA-
Dr). 1In the patient studies, the expres-
sion of the CD8 antigen was observed de-
spite normal karyotype and lack of T-cell
receptor gene arrangements. The latter
was analyzed using probes for the Tg and
the T, genes since these are the first
the T-cell receptor genes which rearrange
during ontogeny. The B-cell nature of
the CLL was further confirmed by Southern
blot analysis which demonstrated an ad-
ditional band of about 14 kilobases, in-
dicative of the rearrangment of the
u-heavy chain gene. Thus, according to
Borgonovo, these findings clearly demon-
strate that the so-called "T-cell spe-
cific" markers may be expressed in non-
T-cells. Whether this phenomenon repre-
sents an aberrant marker expression in
tumor cells or a rare but normal B-cell
phenotype is not known.
Studies on autonomous protein kinase
C (PkC) activation by cell-surface mole-
cules was presented by B. Friedrich (In-
stitute for Applied Cell and Molecular
Biology, University of Ume8, Sweden). CD2
and the antigen~receptor-associated CD3
cell surface antigens represent two in-
dependent signal transducing pathways in
T-lymphocytes. In the present study,
phosphorylation of PkC substrates in T-
lymphocytes was analyzed after a stimula-
tion with specific pairs of anti-CD2
Mabs. The results showed that the appro-
priate stimulation of the CD2 antigen
results in PkC substrate phosphorylation,
and that the conditions required of op-
timal PkC activation correlated with CD2
specific induction to autocrine growth in

a quiescent population of CD8 T~lympho-
cytes. Similar results were also obtained
by the appropriate stimulation of the
same cell population with the CD3 spe-
cific Mab. Thus, by using selected CD2 or
CD3 specific Mabs and the appropriate
crosslinking of conditions, the results
show, according to Friedrich, that trig-
gering of either the CD2 or CD3 antigens
alone is sufficient to elicit both full
PkC activation and subsequent autocrine
growth. Moreover, since specific activa-
tion of the CD2 pathway results in phos-
phorylation of the CD3 chain, the present
study also provides biochemical evidence
for a direct linkage between the two ac-
tivation pathways.

A study on tumor-unique cell surface
antigens was reported by C.H. Janson (De-
partment of Immunology, Karolinska Insti-
tute and the Immunological Research Lab-
oratory, Karolinska Hospital, Stockholm,
Sweden) . Mouse Mab antibodies recognizing
cell surface molecules on tumor cells
from two patients with T-cell chronic
lymphatic leukemia (T-CLL) were produced
by Janson and his group, working with H.
wWigzell, the eminent Swedish immunolo-
gist. In one patient, cD3%, CD4%, and
three different types of idiotype-like
cell surface structures were identified.
One molecule had a relative molecular
weight of 90 kDa under nonreduced condi-
tions and 42 kDa upon reduction, corre-
sponding to the T~cell receptor for anti-
gen (T;). The two other molecules that
also behaved as unique tumor markers have
not been previously described, according
to Janson. One molecule was a monomer
with a molecular weight of 74 to 80 kDa
in the nonreduced form and upon reduc-
tion, 80 kDa. The other idiotypic mole-
cule was a dimer with a nonreduced weight
of 74 to 80 kDa. After reduction, a band
of 38 kDa was seen. In the other patient,
¢p3*, cD8*, one tumor-unique antigen
characterized as T, has been defined by
a Mab of IgG2a subclass. The functional
and cytotoxic properties mediated by the
antibody were analyzed. A reduction of
circulating tumor cells in the patient
was seen after intravenous administration
of the Mab.

A report on the evolution of the HLA
class II region was given by G. Andersson
(Department of Animal Breeding and Ge-~
netics, Uppsala University and Swedish
University of Agricultural Sciences,
Uppsala, Sweden). The human class II his-
tocompatability antigens are encoded by
three different subregions of the HLA-D
region denoted DP, DQ, and DR. To eluci-
date the class II antigen repertoire the
corresponding genes were isolated and
characterized. 1t was found that the DP
and DQ subregions each contains two alpha
and two beta genes. In the CR region a
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single alpha gene is present whereas the
number of beta genes varies between dif-
ferent halotypes. Comparisons of the
class II human genes and of the HLA-D
region with homologous regions of the
mouse and cattle revealed that: (1) the
class II o and B genes are probably de-
rived from a common ancestral gene be-
longing to the immunoglobulin supergene
family;: (2) probably early at or before
the mammalian speciation a chromosomal
segment encompassing an a and a 8 gene
was repeatedly duplicated to the progen-
itors of the present-day DP, DQ, and DR
subregions; and (3) further duplications
within each subregion expanded the gene
family which after diversification en-
codes an increased number of class 1II
antigens. Andersson thinks that it may be
assumed that a larger number of class
antigens expressed in an individual might
be advantageous with regard to the immune
response,

The effects of clindamycin on leuko-
cyte membrane receptors and function were
studied by A. Ness (Medical Department B,
Haukeland Hospital, University of Bergen,
Norway). Rosette tests for the demonstra-
tion of membrane receptors were performed
on granulocytes and lymphocytes after
preincubation in various amounts of clin-
damycin up to 50 mg/l. This compound is
an antibiotic which accumulates intracel-
lularly in granulocytes. Incubation in
clindamycin was associated with an in-
crease in the proportion of granulocytes
and lymphocytes bearing receptors for the
Fc portion of IgG (FcY R) and of granu-
locytes bearing receptors for C3b (C3bR).
Phagocytosis, as measured by granulocyte
chemiluminescence, was unchanged after
incubation. Preincubation of granulocytes
in clindamycin, while causing an increase
in the proportion of cells bearing phago-
cytosis-associated receptors, did not
cause an increase in phagocytosis.

A study on the activation-dependent
phosphorylation of endogenous PkC sub-
strates in human quiescent T-lymphocytes
was reported by K. Noreus (Institute for
Applied Cell and Molecular Biology, Uni-
versity of Ume8, Sweden). Activation of
quiescent human T-lymphocytes with phor-
boester, synthetic diacylglycerol analo-
gues and antibodies specific for the
antigen-receptor-associated CD3 antigen,
results in the rapid phosphorylation of a
protein of 80 kDa and a 19 kDa cellular
protein. The 80 kDa protein is analogous,
according to Noreus, to the previously
described putative substrate for the
Ca?t-activated phospholipid-dependent PkC
while the identity of the 19 kDa protein
is unknown., Noreus and coworkers showed
that this latter protein was variably
phosphorylated at serine residues, and
three distinct phosphorylation forms ap-

peared after PkC stimulation. Using the
80 kDa and 19 kDa substrates as an assay
system, these investigators showed that
the appropriate stimulation of quiescent
T-lymphocytes with an anti-CD3 antibody
resulted in the simultaneous phosphoryla-
tion of both proteins. Noreus said that
the biological significance of these
phosphorylation events is indicated by
the correlation with subsequent induction
of autocrine growth.

B Cells and Antibodies

A study on in vivo activated auto-
reactive B-cell clones was reported by A.
Coutinho (Department of Immunobiology,
Pasteur Institute, Paris, France). The
number of auto-reactive B-cell precursors
in normal nonimmunized mice, has been
shown to be highly enriched, for within
the pool of <n vive activated large
B-cells, as compared to the pool of
small resting B-cells. In this study
Couthino and coworkers determined the
frequencies of anti-bromelein PFC--i.e.,
a model system currently used for stud-
ying auto-reactive B-cells., Limiting di-
lution analysis (LDA) of small and large
B-cells from athymic, nude mice revealed
that the frequencies of anti-BMRC PFC
were very low and equally distributed
among large and small B-cells, in con-
trast to normal mice where the frequency
of anti-BMRC PFC was 10~fold enriched
within the large B-cells. Thus, according
to Coutinho, T-cells could play an im-
portant role in the regulation of auto-
antibody production. Nude mice were,
therefore, injected with low numbers of
various T-cell subsets and later assayed
for auto-reactive B~cell precursors with-
in the large and small B-cell compart-
ments., The results demonstrated that T-
cell-reconstituted nude mice have fre-
quencies of anti-BMRC PFC similar to
normal mice. The increased numbers of
auto~reactive B-cells in nude mice are,
however, only obtained after reconstitu-
tion with certain T-cell subsets, ac-
cording to Coutinho.

The induction of DNA synthesis and
phenotypical changes of activated B-cells
was studied by M. Carlsson (Department of
Pathology, University of Uppsala and De-
partment of Tumor Biology, Karolinska
Institute, Stockholm, Sweden). The rest~
ing human B-cell has the option to dif-
ferentiate with or without proliferation
upon physiological triggering by antigen
and T-cell and monocyte-derived factors.
Carlsson and coworkers had previously de-~
scribed a human monoclonal model for
studying B-cell differentiation of phor-
bol ester (TPA) ~stimulated B-chronic
lymphocytic leukemia (B-CLL) cells. After
TPA activation of the resting GO cells,
they enter GlA, as determined by acridine
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orange staining of cells measured by flow

cytometry. A minority of the cells then
become arrested in the G1B phase of the
cell cycle. The minimal proliferation

measured was due to contaminating T-
cells. The B~CLL cells also responded by
altering their phenotype to become IgM
secretory lymphoblasts~plasmablasts.

Other events studied that were as-
sociated with the differentiation were:
(1) the induction of the two proto-onco-
genes 2-7os and c-rmye; (2) the changes in
the expression of several surface anti-
gens; and (3} changes in RNA/DNA levels,
similar to those observed in mitogen-
activated normal human B-cells. Together
these results suggest, according to
Carlsson, that B-CLL represents a mono-
clonal B-cell model for GO B-cells in-
ducible to differentiation without con-
comitant proliferation. In the present
study, these investigators showed that
significant DNA synthesis is inducible in
TPA-exposed B-CLL cells by the addition
of BSF containing hybridoma-derived su-
pernatant both under serum and serum-free
conditions. Furthermore, it was found
that several surface antigens increased
their expression by this addition. Carls-
son and coworkers also found that the DNA
synthesis was not dependent on the con-
taminating T~cells, which were sorted out
by using a flow cytometer. Thus, these
investigators have described a model for
studying B-cell differentiation with and
without concomitant DNA synthesis.

An investigation of the binding of
IgG to Fc¢ receptors (FcR) was carried out
by B. Heyman (Department of Immunology,
University of Uppsala, Sweden). IgG-anti-
SRBC (sheep erythrocytes) can suppress
more than 99 percent of the anti-SRBC
response if injected into mice in close
association to the antigen. F(ab'), frag-
ments are 1000 times less efficient than
intact IgG molecules. Heyman and co-
workers investigated which of the effec-
tor functions of the Fc part is required
for intact feedback immunosuppression.
They used two pairs of monoclonal IgG-
anti-TNP antibodies: GORK/GORK-Tm and Hy
1.2-M12. Gork-Tm antibodies were produced
by GORK hybridoma cells grown in medium
containing the glycosylation inhibitor,
tunicamycin. These antibodies lacked car-
bohydrate chains and thereby the ability
to activate complement and to bind to Fc
receptors, but retained the same antigen
binding capacity as the GORK antibodies.
Hy 1.2-M12 1is a mutant line of Hy 1.2
with impaired ability to activate comple-
ment but with the same ability to bind
FcR and TNP as wild-type antibodies.
These four antibodies were compared, at
equal hemagglutinating titers, for abil-
ity to suppress the in vitro immune re-
sponse to SRBS-TNP, It was demonstrated

that GORK-Tm was strongly reduced in
suppressive capacity compared to GORK,
whereas Hy 1.2-M12 was equally efficient
as the Hy 1.2, thus indicating a decisive
role for the FcR binding in inducing
feedback immunosuppression, according to
Heyman. This interpretation was confirmed
by showing that the monoclonal anti-FcR
antibody 24G2 could almost completely
inhibit IgG-mediated immunosuppression.

A report on a functional idiotypic
network among "naturally" activated anti-

bodies was presented by 1. Lundquist
(Laboratory of Immunobiology, Pasteur
Institute, Paris, France). Lundquist is a

member of Coutinho's group. The network
theory proposed by Jerne in 1974 opened
new perspectives on the regulation of im-
mune responses and led to the demonstra-
tion of a potential antibody network. Re-
cently, this group has provided evidence
for the existence of a formal idiotypic
network in the actual repertoire--that
is, among activated lymphocytes and nat-
ural antibodies,. In order to determine
the significance of such idiotypic inter-
actions these investigators have now
analyzed normal nonmanipulated BALB/c
mice for their serum expression of two
complementary idiotypes and have found
cyclic expression patterns that seem to
be interdependent. Furthermore, immuni-
zation with physiological amounts of
either idiotypic antibody resulted in
drastic consequences for the expression
of both. Taken together, these results
strongly suggest, according to Lundquist,
the functionality of the idiotypic net-
work.

Interferon (IFN)-triggered differen-
tiation of chronic B-CLL cells in serum-
free (SF) medium was studied by K.
Nilsson (Departments of Clinical Immunol-
ogy and Pathology, University Hospital,
Uppsala, Sweden). SF culture conditions
would be preferable when studying the
cellular and molecular regulation of B-
cell activation, proliferation, and dif-
ferentiation. Nilsson and coworkers found
that 8/10 B-CLL clones cultured in SF
medium with phorbol ester (TPA) acquired
blastoid morphology and started to se-
crete IgM, although at levels lower (20
percent) than in serum-containing cul-
tures. Native and recombinant IFN-a and

recombinant IFN-y (5 to 100 IU/ml) were
found to specifically induce the same
changes in most B-CLL clones, and pre-

activation of the cells was not needed.
None of the agents induced significant
DNA synthesis. A panel of Mabs to pre-B
(CALLA=CD10) and resting B (HH 1) cells,
early (4F2, CD23) and late (CD25, T9)
B-cell activation, and terminal plasma
cell (T10) antigens were applied to IFN-
induced B-CLL cells, Clones responding
with IgM secretion lost HH 1 but acquired
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', the early and late activation markers and demonstrated to be "multireactive,"” a
o". T10. CALLA (CD10) appeared on substantial characteristic which in newborn individ-
':'.o numbers of activated cells. Thus, Nilsson uals appears to correlate with the usage
"-0 and coworkers think that B~CLL cultured of VH genes of the 7183 VH gene family.
under SF conditions is a useful mono- In contrast, hybridomas isolated from the
3 clonal model for studies on the molecular same family do not show this correlation,
3 regulation of human B-lymphocytes. according to Carlsson. In order to in-
" vestigate the structural basis for this
_.'-: Genes and Gene Expression in Lymphoid discrepancy, these investigators have now
P Cells determined the VH and VL (variable light
-~ The molecular cloning of a membrane chain) sequences of a number of hybrid-
') antigen complementary DNA (cDNA) from a omas representing either of these two
-~ pancreatic 1islet c¢DNA 1library was re- groups.
o, ported by M. Altieri (Hagedorn Research A study on the regulation of immuno-
e Laboratory, Gentofte, Denmark). Naturally globulin (IgG) transcription rates in
%0 occurring autoantibodies have been linked lipopolysaccharide (LPS)-stimulated B-
A% to autoimmune diseases, but they have lymphocytes was presented by F. 1Ivars
e also been detected in normal humans and (Unit of Applied Cell and Molecular Biol-
il animals. In order to study the antigens ogy, Ume8 University, Sweden), in col-
of natural autoantibodies Altieri and his laboration with M. Davis (Department of
W group produced several monoclonal auto- Medical Microbiology, Stanford Univer-
n antibodies from unimmunized prediabetic sity, California). These investigators
:\. BB/H rats, an inbred strain with high prepared constructs of T-cell receptor
' frequency of spontaneous autoimmune dia- (TCR)a and B chain genes from the pigeon
L betes mellitus. Immunoblots of membrane cytochrome C specific T-cells 2B4 and
'0!' preparations from these rat tissues and 5C.C7. For the TCRa chains, the expres-
. seven different rat-transformed ©cell sed variable genes were constructed from
g lines were probed with EA512, one of the a combination of genomic and cDNA clones.
vy monoclonoal autoantibodies of the IgM For expression studies in tissue culture
‘-‘5‘. class. In addition, a lambda gtll cDNA cells, two approaches were used: (1)
:;.;: library from rat pancreatic islets was transient expression was assayed by
Kl screened with the same antibody, and six fusing the coding regions of the con-
Kl independent clones were isolated. The structs to the human Cytomegalovirus
" largest clone--a cDNA, 2000 base pairs (CMV) early promoter/enhancer; and (2)
long--hybridized to the other five the entire genes were linked to select-
« clones. A computer-assisted analysis of able genetic markers for stable introduc-
Aiﬂ-: partial sequences of this clone revealed tion into 1lymphoid cells. Ribonuclease
g a strong homology to mammalian Alu-type (RNase) protection assays indicated that
a0 repeated sequences, probably lying on the RNA transcribed from the CMV-TCR con-
i 3'-nontranslated sequence of the cDNA, structs introduced into L-cells is proc-
- while a sequence thought to be in the essed identically to transcripts of the

C

coding frame did not show any homology to

TCR genes in the original T-cells. TCR

any known sequence. Thus, the results gene constructs with or without the IgG
" show the 1identification and molecular heavy chain enhancer inserted into the
ol cloning of a new membrane antigen, ubig- TCR J~C intron were stably introduced
.r',,:: uitous in most of the tissues but with into both T-cells (EL4) and B-cells
" some specificity in insuloma cells and, (J558L). RNA analysis indicated that the
"w' perhaps, in pancreatic islets, which is IgG heavy chain enhancer increases ex-
j the target of a natural BB/H rat auto- pression of TCR genes by several fold in
® antibody. both T- and B-cells. In addition, trans-
N VH (variable heavy chain) sequence fected lines were found to produce the
- analysis of antibodies with different 2B4a chain protein as detected by immuno-
s degrees of degenerate recognition was fluorescence and immunoprecipitation
‘-:.j-, reported by L. Carlsson (The Unit for Ap- using a Mab specific for the protein.
:-"» plied Cell and Molecular Biology, Univer- A report on the regulation of 1IgG
"3’ sity of Umed, Sweden). Evidence has re- transcription rates in lipopolysaccharide
® cently been presented in support of the (LPS)-stimulated B-lymphocytes was given
»

existence of a formal idiotypic network
as well as for the functional consquences
resulting from this type of internal in-
teractions. Using collections of B-cell
hybridomas of normal mice, Carlsson and
his group had previously shown that such

by I.L. Martensson (Department of Immu-
nology, University of Uppsala, Swed2n).
Mouse spleenic B-lymphocytes stimulated
with LPS in vitro will proliferate and
differentiate into IgG-secreting cells,

If anti-IGM antibodies to protein kinase
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UL
.:' ' idiotypic complementarities occur in very C (PkC)-activating phorbol esters are
. high frequency in the internally acti- added with the LPS, the B-cells pro-
o vated pool of B-cells in newborn mice. A liferate equally well, but the rate
.n:'.-'_ fraction of these clones have also been of 1gG secretion is greatly diminished,
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according to Martensson. This phenomenon
is concomitant with decreased steady-
state levels of IgM messenger RNA (mRNA),
and Sl-analysis showed that anti-IgM and
phorbol esters suppressed mRNA coding for
the secreted form of IgM, showing that

these additives affect splicing of 1IgG
primary transcripts. By "run-on" anal-
vsis, a decreased rate of transcription

of the IgM locus was observed by Martens-
son and coworkers in cultures treated
with anti~-IgM or phorbol esters. These
investigators conclude that IgG gene ex-

pression is controlled at the level of
trarscription in untransformed B-lympho-
cytes, unlike what 1is found in tumors

derived from the same cell lineage.
Transient gene expression was stud-

ied by T. Leanderson (Department of Im-
munology, University of Uppsala, Sweden).
Leanderson and his group established a
protocol for transfection of murine

spleen cells by the DEAE dextran method.
For this purpose, plasmid constructs were
utilized containing the prokaryotic CAT-
gene (chloramphenicol acetyltransferase)
under reguiation of the kappa light chain
promoter, the metallothionine promoter,
and various enhancer segments. The metal-
lothionine promoter segment gave some CAT
expression in the absence of an enhancer,
while the kappa promoter did not. Fur-
thermore, the Ig, enhancer was active in
B-lymphocyvtes only, with an efficiency
comparable to that observed in a B-cell
tumor. In T-lymphocytes, CAT expression
was observed with the SV40 enhancer but
not with the Ig enhancer, while the Ig
enhancer was more efficient than the SV40
enhancer 1n B-cells. Thus, the Ig en-
hancer is more restricted to the B lin-
eage than the Ig promoter. Therefore,
according to leanderson, this tranfection
system car be used to study gene expres-
sion in untransformed cells.

New Immunological Methods

A new technlque using immune-scan-
ning electron microscopy for rapid cyto-
megalovirus (CMV) detection was presented
by P.H. Larsson (Department of Immunol-
ogy, University of Stockholm, Sweden).
Mabs, speciflic for human CMV envelope
epitopes, were corjugated to latex micro-
spheres that were already labeled with
rabbit antimouse I1gG. The beads were
incubated with serum or urine from
patients, and then collected on a smooth
polycarbonate filter surface which was
analyzed in a scanning electron micro-
scope. Size, immunological specificity
and relative quantity of virus particles
were determired within 2 hours in a scan-
ning electron microscope by the visuali-
zation of wvirus particles specifically
bound to the microspheres. No virus par-
ticles were detected 1n the various con-

trols. According to Larsson, this method
makes it possible to identify extracel-
lular viruses within a few hours in dif-
ferent body fluids and may be used for
general virus diagnosis.

Thiophilic adsorption for the puri-
fication of monoclonal and polyclonal
antibodies from sera and hybridoma cul-
ture supernatants was discussed by J.
Hoorfar (Department of Animal Physiology
and Department of Plant Physiology, Royal
Veterinary and Agricultural University
and The Protein Laboratory, Copenhagen,
Denmark) . A new principle of protein
fractionation and its use for 1gG purifi-
cation has been described recently. The
mechanism for thiophilic adsorption chro-
matography is unknown, but it resembles
hydrophobic interaction, since the bind-
ing occurs at high ionic strength and
elution at low ionic strength. Under
certain conditions thiophilic adsorption
is highly specific for immunoglobulins,
and can be an alternative method to pro-
tein A affinity chromatography, especial-
ly when this fails for 1IgG's of rat,
goat, and chicken. Hoorfar's studies in-
volved goat antisera, rat sera, and mouse
hybridoma supernatants. For comparison,
rabbit and chicken antisera were studied.
Both polyclonal and monoclonal antibodies
can be purified from crude sera or super-
natants according to Hoorfar, but adsorp-
tion conditions must be optimized for
each application. Hoorfar and coworkers
performed batch and gradient elution ex-
periments which were analyzed by electro-
immunoprecipitation methods.

The development of a sensitive
solid-phase enzyme linked immunoassay for
human gamma-interferon was carried out by
P. Pisa (Department of Immunology, Karo-
linska Institute, Stockholm, Sweden) .
Many in vitro as well as in vivo studies
have shown the importance of y-interferon
(y~IFN) in immunoregulation. A defect in
the production of y-IFN has been shown in
several diseases to cause a higher inci-
dence of viral infections. Oon the con-
trary, an overproduction 1is associated
with a depression in bone marrow func-
tion. The classical antiviral biocassay
for detecting y-IFN has disadvantages,
namely, the cross-reactivity of different
interferon classes. Commercially avail-
able radioimmunoassay 1is expensive and
requires equipment for handling of un-
stable radicactive reagents. Therefore,
Pisa and coworkers have developed a
solid-phase sandwich enzyme-linked im=-
munoassay. I+ enables the detection of
natural as well as recombinant human
y-IFN down to 4 to 8 IU/ml. It employs
the combination of an antimurine sera and
a murine anti-y-IFN Mab for binding it to
the surface and a rabbit anti-y-IFN serum
for detecting it. No cross-reactivity
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with lymphoblastoid or 1leukocyte inter-
feron, tumor necrosis factor, or inter-
feron of other species has been detected.
According to Pisa, this rapid, reliable,
sensitive and highly specific assay is
usable for clinical and experimental
evaluation of y-IFN. He and his group
are currently testing the y-IFN produc-
tion in bone marrow of patients with
myelodysplastic syndrome.

A plaque-forming cell assay for
identification of anti-DNA antibody-
producing cells was developed by V. An-
dersen (Laboratory of Medical Immunol-
ogy, Rigshospital and The Hybridoma Lab-
oratory for Autoimmune Serology, State
Serum Institute, Copenhagen, Denmark).
For the development of a hemolytic
plaque-forming cell assay specific for
anti-DNA antibody production, Andersen
and coworkers used DNA-coated sheep red
blood cells (DNA-SRBC), conjugated with
the aid of poly-L-lysine. Murine hy-
bridoma cells producing antibodies
against DNA, and target cells were in-
cubated in 0.5 percent agarose gel to-
gether with secondary antiserum. Com-
plement was added after 30 minutes. and
the plaques appeared within 4 hours. The
plagques are inhibited by free DNA. No
plagques were seen when uncoated SRBC were
used as target cells or when DNA-SRBC
were incubated with control hybridoma
cells producing antibodies against irrel-
evant antigens. The number of plaques
obtained with DNA-SRBC as target cells
was found to be identical with protein-A-
conjugated SRBC. Preliminary results have
shown that by this assay DNA-specific
antibody-producing cells can be identi-~
fied among spleer cells from NZB/W F mice
and blood lymphocytes from patients.

The binding cf IgE and anti-IgE to
peripheral blood cells (basophils) was
determined by flow cell cytometry and
sorting by P.Matsson (Pharmacia Diagnos-
tics, Uppsala, Sweden). The basophilic
leukocyte is involved in the induction of
the immediate hypersensitivity reactions,
and the cell may also play an important
role in late phase reactions. The cells
are stimulated to release histamine, leu-~
kotriennes, and other inflammatory media-
tors by the bridging of surface IgE anti-
bodies by appropriate allergens. To allow
a thorough evaluation of the basophil
frequency--normally 0.5 to 1.15 percent
of the leukocyte population--and their
degree of IgE binding, Matsson and his
group have established a flow cytometric
method for sorting and analysis of
basophilic leukocytes from human periph-
eral blood. The cells were labeled either

quency of basophils, defined as alcien
blue staining cells, was determined by
microscopy in sorted IgE positive and IgE
negative cell populations. The resulting
purity of basophils labeled with anti-IgE
was 50 to 90 percent. By priming the
cells with FITC-conjugated IgE a purity
of up to 40 percent of basophils could be
obtained. The FITC-conjugated IgE labeled
much fewer cells compared to anti-IgE,
and those cells were also labeled less
intensively. By using the (F(ab'),)
fragmented antibodies, the nonspecific Fc
binding, normally 6 to 15 percent of the
total population, could be avoided. Thus,
Matsson said that flow cytometry provides
a highly reproducible method to study
receptor-bound IgE and free receptors by
use of anti-IgE and IgE binding to pe-
ripheral leukocytes. 1In aadi*ion, it al-
lows a frequency determination ~f labled
cells as well as a specific enrichment of
cells for further analysis or culcuring.

Conclusion
The symposia presentations at this
immunology conference consisted essen-

tially of reviews of the various areas of
immunology research outlined in the in-
troduction to this report, Therefore, all
of the selected summaries presented above
have been taken from workshop sessions at
which new data was given. Since this
meeting was a Scandinavian immunology
conference, the research work was primar-
ily that of Scandinavian immunoclogists.
It is evident from the presentations that
immunology research in the Scandinavian
countries is continuing at its usual high
level.
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BIOTECHNOLOGY AT WARREN SPRING LABORA-
TORY, STEVENAGE, UK

by Claire F. Zomzely-~Neurath,

The Biotechnology Division of Warren
Spring Laboratory (WSL) offers a range of
technical and technico-economic expertise
to the biotechnologies and manufacturing
industries. The group undertakes contract
research and development (R&D), consult-
ancy, and multicustomer club ventures.
The division has expertise in bioprocess
development and innovation, and aids com-
panies in maximizing their share of bene-
fits from biotechnolugy. WSL has been
providing a service to the biotechnology
industries for 20 years. Currently, the

with rabbit anti-IgE (F(ab'),) followed
by FITC conjugated goat anti-rabbit
(F(ab'),), cr FITC-conjugated IgE, or
with IgE followed by anti~IgE. The fre-~
13
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Biotechnology Division is active in four
areas of processing:

® Downstream processing (BIOSEP), pri-
mary separation, membrane processing

® Bacterial genetics, genetic control
of auto-tlocculation as aids to proc-
essing

e Safety (IBC), containment, and risk
assessment of bioprocesses, aerobio-
logical monitoring

® Industrial biotechnology, biohydromet-
allurgy, microbial corrosion, thermo-
philic bacteria,

The Biotechnology Division possesses
comprehensive laboratory and pilot plant
facilities and also combines its exper-
tise with that of other divisions within
WSL. Created in 1959, the Warren Spring
Laboratory and all its divisions 1is an
industrial research establishment of the
Department of Trade and Industry.

Downstream Processing (BIOSEP)

BIOSEP is a multiclient club venture
which has a large membership of fee pay-
ing companies from an array of different
industries, including the agricultural,
food, fine and organic chemical, and med-
ical and pharmaceutical sectors. It pro-
vides design information, consultancy,
and an extensive R&D program on down-
stream processing. The service is based
in the UK and is managed by WSL and Har-
well and 1s partly financed by the De-
partment of Trade and Industry. Close
collaboration between the BIOSEP tech-
nical staff and the member companies en-
sures that state-of-the art and design
reports meet the 1industrial needs of the
membership 1n the most effective way. The
extensive R&D program 1is gquided by the
member firms and is focused 1in three
areas: (1) primary separation, (2) mem-
brane processing, and (3) chromatography.
Half of this program 1s undertaken at
Warren Spring, where primary separation
and membrane processing are the major
activities; this work 1is being done at
the request of the membership.

Primary Separation. This is defined
as those separation activities which are
carried out at the start of a downstream
processing regime--at the fermentor in-
terface. The separation processes there-
fore encompass such techniques as whole-
broth extraction and broth conditioning,
in addition to cell and cell debris re-
covery. Primary separation is technical-
ly difficult and costly, and this 1is due
to the large volume of material that re-
quires processing, the problematical
physical and biochemical characteristics
of fermentation broths, and the lack of
suitable separation processes.

Figure 1. The dielectrophoretic recovery
of %, c¢oli cells onto an electrode in
an alternating (100 kHz) electric field
{50 Vv cm™1!),

At Warren Spring, primary separation
is being developed with the aim of re-
ducing the overall costs and complexity
of downstream processing regimes by the
adoption of novel separative technol-
ogies, and by gaining an understanding of
the biosurface phenomena associated with
primary separation. Two technologies cur-
rently being studied at WSL are dielec-
trophoresis and flocculation. Dielec-
trophoresis affords the opportunity of
selective product recovery from cell and
cell debris suspensions. The dielectro-
phoretic recovery of specific product
biocolloids occurs in alternating and
nonuniform electric fields. The dielec-
tric phenomenon 1is dependent on the
capacitative action of biocolloids and is
unlike electrophoresis. The emergence of
new products and processes, the reduction
in processing volumes, and the number of
process stages are all likely benefits of
the application of dielectrophoretic pro-
cess technology. A laboratory pilot scale
separator 1is currently being evaluated.
(see Figure 1).

Cell and cell debris flocculation
using synthetic polyelectrolytes 1is a
fundamental part of primary separation in
many process regimes. Biosurface studies
have revealed a mechanistic understand-
ing, leading to 1improved control of the
beneficial and detrimental effects of
flocculant usage. The mechanisms of cell
flocculation, and the subsequent detri-
mental effects of residual flocculant on
secondary and tertiary separations, are
being 1nvestigated (see Figure 2 and 3).

Cross flow membrane separation 1is
rnow an integral part of downstream proc-
essing, although the fouling of membrane
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Figure 2. Cell Flocculation.

surfaces reduces the cost-effectiveness
of such systems. Microporous and ultra-
filtration membranes are prone to fouling
and the consequential flux decline, and
cleaning operations and membrane replace-
ments can be costly. WSL is improving the
performance and economics of membrane
processes by applying its knowledge of
surface fouling mechanisms. The scien-
tists at WSL are currently evaluating a
wide range of commercially available sys-
tems, including ceramics (See Figure 4).

Bacterial Genetics. Bacterial Genet-
ics is being used at WSL to provide solu-
tions for genetic processing problems.
Genetic manipulation is a powerful addi-
tioral complement to the traditional me-
chanical or chemical engineering approach
to processing. Currently, the main area
of research on genetics at the laboratory
focuses on the mechanism for controlling
bacterial surface properties. Many of the
separation techniques (centrifugal cell
recovery) and processing problems (foul-
ing of cross flow membranes) encountered
during primary separation are inexorably
linked with the surface properties of the
cells. Control over these cell surface
properties becomes feasible from an un-
derstanding of the genetics. The scien-
tists at Warren Spring think that such
studies will yield significant benefits
in 1mproved performance and economics of
processing.

Bacterial autoaggregation is depend-
a1t on cell surface properties, and this
phenomenorn 1s receiving special attention

Laser light analysis
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Figure 3. Flocculation of g,
by a cationic polyacrylamide.

coli cells

at Warren Spring. The ultimate objectives
of the research program are: (1) the
transfer of the aggregation characteris-
tic to bacterial cells which do not nor-
mally exhibit this ability and (2) the
practical control of bacterial aggrega-
tion during a processing regime (see
Figure 5). Small bacteria are difficult
and expensive to separate and dewater,
and hence, many bacterial processes which
are carried out at reasonable scales
of operation incorporate an aggregation
stage prior to cell recovery. Currently,
this is usually achieved by the use of
expensive chemical additives or physical
treatments. Thus, a genetics solution to
the problem could avoid the use of addi-
tives or complex treatments.

Industrial Microbiology

Within the field of industrial mi-
crobiology, WSL provides wide expertise
in biohyrometallurgy--the application of
microbes for leaching metals and removing
contaminants from minerals. WSL has de-
veloped the biological leaching of metals
including copper, nickel, zinc, and ura-
nium from both 1large 1lumps of ore and
finely ground sulphide concentrates. The
scientists at WSL are also using bacteria
to pretreat sulphides for enhancing gold
recovery and to remove sulphur from coal.
In current research they are investiga-
ting the generation of useful products--
enzymes, for example-~-from thermophilic
and acidophilic leaching bacteria. For
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Figure 4. Scanning electron microscopy of a microporous membrane: left, virgin;
5 right, fouled, after passage of a protein solution.
b
-’\:n
"‘-: extracting metals, a range of sulphide-
. Gene responsible for oxidizing bacteria, active in acid solu-
1) auto-aggregation tions over a temperature range of 25 to
o 70°C is being used. In addition, at WSL
‘ they also use microbes capable of leach-
> ing aluminum, for example, from alumina-
», silicates. The processes range from sim-
'-".: ple leaching of clumps of rock to bacte-
o Bacterial . . . . .
- chromosome rial digestion .o.f fine materl;l under
~ controlled conditions, using stirred or
! air-agitated reactors. Experiments range
! from feasibility studies 1in flasks to
i continuous leaching on a tonnage basis,
2 i o gt b restr tion using their extensive pilot plant facili-
:-.‘ IV B dgesten ties (Figure 6). '
35 - omm ome e Chromosomal . In the Biotechnology and Separations
> fragments Division, N. Le Roux and his group have
’. g et built up expertise over the past tew
J v Pt i g 1010 PR R s years in gxplOLtlng a_nq understanding
- PRUAN / bacte;la.whlch. have abilities and char-
- {i Dl ‘i]Phazeharbouﬂngfmgmen(gof acteristics which set them apart from the
-,'J 9, \/ \/l foreign DNA more "normal" bacteria. 1In recent years,
v, M ‘ the term "extremophile" has become ac-
o cepted as a broad classification of or-
ot Irserats st o ot fopengn ganisms capable of functioning in rela-
O SNt B et tively harsh conditions of high tem-
® \J peratures, acidity, ionic concentration,
pressure, etc. Included in Le Roux's rep-
-,: ertoire at WSL are archebacteria of the
{I_ Sfulfolobus genus. In particular, he and
‘. his group have a strain which can grow
-\:- autotrophically while oxidizing reduced
o iron and reduced sulphur. 1t has been
£ grown in the presence of copper at pH 6
ot and 70°C. Currently, 1t 1s dgrewing 1n
i‘ Colony containing conpinuous culture on a feedstock ot
", cloned auto-aggregation gene solid mineral substrate.
) L The study of the aichebacteria
3 kingdom 1s still somewhat 1n 1ts infancy, ,
: Figure 5. Strategy for isolating a bac- but there are several potential applica- '
‘W terial autoaggregation gene, introducing tions 1n bilotechnology for these orga-
it 1nto strains of industrial 1mportance nisms. A significant amount of work has
. in order to facilitate cell recovery and been done with thermophile from =77 "o
5,:» dewatering. and . rerrmys genera, but because of thetr
Pl i L
'\-,:
~l
) 16

d
2

D -

FE RN T Tk T e )
P A iy b AT ATACICA

(A )
AN !‘0.- .o'I.c'i‘- 0.!'0...! n.a.-'\'. LWLy

I ™ e e s ey AT e e e N el e et e
A L L T
At , / Wl e CA R T T, QY

'-'Sn L LN W A B B e . o ARSI o oF




Ly v LAnt and and 4og

ESNIB 87-02

v e e G,
- T - SR A

- Tt Ene G

B

o

Wi nfpedls

—adas -

Material Sciences

. woterlal reactor
iing of metals
:~tie  1s  known

¢ t.ohemistry and
' rws specles,
roul are carrying
© *ne thermophilic
7 lue, growlng
reened for se-
‘ - genes for
I'v. 1n a meso-
They are

s obtained by
their sta-
environ-
ragueous. The
it ion of these
in:tterla  for

-+ specafic
©ome-s +hat are
s as well
.. as bio-

Tarious

T it:ove  de-
tre Bio-
SpLings
*+ .. engaqged
technelogy

SIXTH EUKCPEAN MICR Flb. Tw . NEER-
ENCE (EMCB |
Ly moler” et

The European Microe.e~*ronl-. 1=
ference 1s organized bLlarnua..y Ly the
European Liaisor. Committec ! the liter-
natioral Society for Hybria: Microelec-
tronics (ISHM) so as to a.terrate vears
with the Japanese ISHM corfcrence. The

6th conference 1n the series was held 1n
Bournemouth, Englanrnd, from 3 through 5
June 1987, with ISHM-UK as the hust chap-
ter. This premier event in hybrid micro-
electronics in Eurcope drew more than
650 delegates from 25 countries. In addi-

tion, more than 1000 people other than
the delegates visited the Trade Exhibi-
tion, staged by 153 companies. The com-

petition to present papers at this con-
ference 1is quite intense; the 60 papers
accepted constituted less than one-third
of the number submitted. The technical
papers were a mixture of basic research
and applied research and development,
with a noticeable bias toward applied
research and development compared to ear-
lier conferences 1in the series, This
indicates a maturing of the field, al-
though there is still a need for funda-
mental research in a number of areas
critical to the technology.

This conference series has benefits
to the participants other than just the
dissemination of technical information in
the papers presented. It provides an op-
portunity for scientists and engineers in
the hybrid field, from all over Europe,
to get together once every 2 vyears and
compare notes on progress and problems.
For many scientists, particularly those
from institutions with restricted travel
budgets, this 1s the only conference they
attend outside of their native country.
The exhibition allows the participants to
view the most advanced equipment and ma-
terials avallable to the industry.

There were 60 technical papers pre-
sented in 18 session dealing with:

® Assembly and processing
® Polymers and materials
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Applications
Thin fiims
Interconnection
Thernal aspects and substrates

and testing
e mount techrology.

A proveedinds or this rfonference s
-vatsdble by writing to ISHM-UK, 117 Eve-
Avenue, Ruilslilp, M:ddiesex  HA4 BAH,
rrgLand UK. The price tor a copy of
thne d94-page procecdings 1s b29 (848 as
¢otoday's exchange rate) 1o members of
ISHM Chapter, and b34 (856) <o rnon-
Lers, Since a compiete proceedlngs
15 avaliable, I will only give a brief
review Of what 1 consldered some cf the
Lights of the program.

High-lensity Interconrection Systems

Recent advances 1 minliaturization

¢ sijilcon 1ntegrated clrcults are cre-
atina demands for much higler density
1nterconrection systems, and a wide va-
riety of approaches for difterernt appli-
cations were presented at EMC/87. For the
high reliability required for aerospace
applications, G. Menozzi of Crouzet Aero-
space, France, concluded that thick film
muitilayer ceramic is the best of the
currently available technologies. Surface
mounting technology using leadless chip
carriers offers an intermediate density,
but he felt that the growth of this tech-
nique will be determined by whether or
not the price of the leadless chip car-
rier becomes comparable to that of the
dual inline package. A new and very prom-
1sing technology for high-density inter-
connects was the use of the sputtered
copper as the conductor and spun polyi-
mide as the dielectric; this was de-~
scribed by M.V. Coleman (Standard Tele-
communications Laboratories, UK). Lines
and spaces of 50 um were achieved by pho-~
todefining the copper film. While fully
polymerized polyimides are inert and are
corrosion resistant, 1t was shown that in
the partially cured state fine vias 50 um
by 50 um could be photodefined to the
underlying copper tracks. The amount of
cure was shown to critically affect the
ability to produce controlled-dimension
vias.

A number of technologies for fine
line interconnects have been evaluated at
GEC Research Ltd., UK, as discussed by
J.M. Wheeler. These include etching of
thin print thick film conductors, photo-
definition and plating up of metallo~
organic prints, and advanced printed cir-
cuit board techniques, but GEC's prefer-~
ence 1is traditional thick film screen
printing. They have shown that, with
careful selection of screen materials
using high-resolution emulsions combined

with the most advanced thick film inks,
they could produce hybrids using 125-um
design rules,

The photoformed ceramic substrate
(PCS) described by D. Deduk of DuPont
(Deutschland) GmbH, West Germany, 1is a
novel system for metal powder images
transferable into corresponding “ine line
conductors. The PCS process consists of
coating the substrates with a thin amor-
phous layer of a mixture of nitrophenyl
dyhydropyridine derivatives, and exposing
this layer through a mask to UV 1light,
thereby transforming it into a tacky
state. Spherical gold powder in the size
range 1-2 um is then spread over the sub-
strate, and the particles adhere to the
exposed tacky areas. This step is follow-
ed by conventional thick film firing. The
PCS process creates high-resolution con-
ductors with capabilities of 25-um lines
and spaces, and excellent edge defini-
tion.

Materials in Hybrid Technology

The number of papers dealing with
the materials aspects of hybrid technol-
ogy were considerably fewer than at pre-
vious conferences in this series, but the
ones that were presented were quite 11n-
teresting. Studies at the Urniversity of
Modena, Italy, of the kinetics of dis-
solution of alumina substrates i1nto dif-
ferent thick fiim glasses focr different
firing times and temperatures showe:d that
diffusion was the rate-limit.:ng process
in all cases, and that the compcesition
of the glass greatly affects the Kinet-
ics of dissolution. The amount of sub-
strate dissolved during typiia.  tn1ok
film firing was also studied, arc !t was
found that the final compositicrn 1 e
glass contained 10-20 percent 1.:cc . ven
substrate; this 1S ar appteciat .. o -
fect,

The development ot & ;1 es ¢
producing small, spherical, ur:?t rn-:..e
gold powders for use in a rew gelerat.or
of gold thick fiim inks tor prarting tio
line conductors was described by T
Stewart of Johnson Matthey Materia.:, "'¥.
The gold powder 1s produced by . hemic-a,
reduction from aqueous solutilon, arao the
critical part of the proucess 1s the use
of a colloidal qgold with particle si1ze
100-200 as seeds upon which the gold as
deposited from solution. A surface active
agent was used to retard the formation of
new nuclei, and the seeds were grown to
the required size by control of the
amounts of gold and reductant in solu-
tion. The resulting gold powders were
monodispersed and spherical, and could be
manufactured to any predetermined diame-
ter in the range 0.3-1.5 um. Using these
gold powders to make thick film inks, the
company has achieved 35-um lines and
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spaces in the laboratory and 75-um lines
and spaces in production.

Surface Mount Technology

There were many papers at EMC/87
which dealt with surface nount technology
(SMT) in one form or another. This 1is
understandable considering the results of
an ISHM Europe hybrid market survey re-
ported at the closing session of the con-
ference. The survey showed that in 1980,
SMT on printed <circuit boards (PCB)
ccunted for less than ! percent of the
total hybrid market, but had increased to
10 percent by 1986. Even more impressive
were the estimates for 1990 provided as
part of the market survey, which pre-
dicted SMT on PCB accounting for 38 per-
cent Zur the total hybrid market.

A survey for automotive electronics
vresented by R. Dell'Acqua of Marell:
Autronica SpA, Italy concluded that SMT
will dominate during the 1990's 1in all
1ts varietles. Surface mounted thick film
nybrids will keep their share for under-
houd applications, and surface mounting
on PCb's will cover the inside passenger
compartment applications. It was also
credicted that surface mounting of naked
~hips on ceramic will grow through the
1990's to fulfill the environmental and
rellabililty requirements for the engine
sorpartment  electronics. In domestic
telecommunications, J.P. Kandall of Brit-
1sh Telecom, UK, predicted that SMT on
PCB will continue to be the dominant
technology 1n telephone exchanges and 1in
+he home, which leaves out-station elec-
tronics in the local network, where the
circuits must function over a wide tem-
perature range, as the only mass market
left for ceramic hybrids.

with all of the interest in SMT, it
was fitting and proper that the last pa-
per of the conference--by P.L. Kirby of
we.wyn Electronics, UK--was a historical
il1scussion of interconnectioln *technology.
Surface mount technology was shown to
trace 1ts origins back at least 35 years,
o 1t 15 by no means a new technology.
he very raplid drowth 1in the last few
vears was shown to be due to its fortu-
rate compatibility with other emerging
technclogles to make a synergetic situa-
tion., Surface mounting is emerging as an
important and coherent subject, which,
when viewed in light of the development
of computer controlled electronic as-
sembly techniques, can claim to be the
fourth generation of interconnection
technology.

3 W

Summary

Ore thing that was very apparent
from the technical program at EMC/87 was
how far the technology has moved from the
concept of the hybrid and an assembly of

devices on a ceramic substrate wusually
interconnected by thick film materials.
There were papers covering many alternate
interconnection technologies 1including
tape automated bonding, surface mount on
PCB, metal core substrates, additive thin
film, and a variety of fine line technol-
ogies. Many of these new techniques were
in development and close to production.
Hybrid microelectronics 1is a rapidly de-
veloping 1industry that 1is creating op-
portunities as the interface between the
ever-increasing complexity of silicon
compounds and the needs of the physical
world.

CREEP AND FRACTURE OF ENGINEERING MATERI-
ALS AND STRUCTURES--THIRD INTERNATIONAL
CONFERENCE

I
Vis1t-

Jer-

The third 1in a series of interna-
tional conferences dealing with creep and
fracture of engineering materials was
held in April 1987 at the University Col-
lege of Swansea, UK. This conference was
chaired by Professo. B, Wilshire and Dr.
R.W. Evans of University College of Swan-
sea, and attracted 120 attendees. Most of
the attendees were from Western Europe,
with 16 from the US, 14 from the Far
East, and individual representatives from
USSR and Czechosiovakia. ONRL provided
partial financial support, and additional
support was provided by the Institute of
Metals, the European Office of Aerospace
Research and Development, and the US Army
Research, Development and Standardization
Group, UK. Publication of the proceedings
(edited by B. Wilshire and R.W. Evans)
prior to the start of the conference was
accomplished through the Institute of
Metals, London, UK, and is available from
the institute for $110.00.

The conference topics were divided
into the following categories, where the
bracket contains the number of papers
presented:

® Mechanisms of creep and creep fracture
(16]

® Deformation and fracture of particle-
strengthened alloys [9]
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® Creep and fracture of steels [8])

® Damage accumulation and creep crack
growth [9]

e Deformation and fracture under com-
bined creep fatigue conditions (7]

e High-temperature behavior of welds [6]

® Creep data prediction and remanant
lift assessment [13)

e High-temperature performance of engi-
neering ceramics (7].

Because the selection of topics was
extensive, and the number of papers in
most categoriles limited, the "research 1in
progress" theme was evident in many
areas. lso, because of the large number
of papers, I have chosen to discuss only
those which I believe are most signifi-
cart 1in the areas cf my own interest,

Mechanisms of Creep and Fracture

The sesslon on mechanisms of creep
and c¢reeg fracture generated the most
interest and discussion. The first
speaker presented an analysis of noncom-
pact glide in Al single crystals, which
included a fcrmulation of a kink pair
disiocation model to describe tempera-
ture, strain-rate, and stacking fault
energy dependence of noncompact glide.
M. Kassner (Lawrence Livermore National
Liberation) reported results of a study
of the deformation of high-purity alumi-
rum in torsion at 644 K to various pri-
mary and steady-state creep strains.
Transmission electron microscoping TEM
observations showed that at the onset of
steady-state, all the subgrain boundaries
had a small misorientation, which changed
to a bimodal distribution as strain in-
creased. His paper concluded that a de-
scription of the rate-controlling process
of creep should include the density of
dislocations not associated with subgrain
boundaries.

A modification of the stress and
strain transient dip test to measure in-
ternal stress as the athermal component
of the flow stress was introduced by 2.
Horita (Kyushu University, Japan). The
key element of his paper was the intro-
duction of an extrapolation procedure
requiring measurement only of the total
time from onset of stress reduction to
the termination of the period of zero
creep. Reanalysis of results of previous-
ly reported transient dip experiments led
to the conclusion that the recovery pro-
cess was due to growth of three-dimen-
sional dislocation networks. Results of
stress dip tests of a number of fcc and
hcp alloys in order to determine the in-
ternal stress under conditions of steady-
state creep was reported by Northwood and
Smith. They found that the ratio of in-
ternal stress to external applied stress
for pure metals was typically 0.9 to 1.0

regardless of crystal structure, 0.8 to
0.9 for Class II solid sciutioun ulloys
where climb is rate controlling, «nd ap-
proximately 0.7 for Clas Iosoild solu-

tion alloys where viscous glide 1s rate
controlling. The multiphasc commercial
alloys exhibited internal/uxternal stress
ratios similar to pure metals.

M. Mills (Lausanne ftea-ral  Poly-
technic, Switzerland) ana w. Nix (Stan-

ford University, Cali:orrniy roorformed
extensive TEM investia ar Al-
5.5-percent Mg to detoerm wisloca-
tion substructure durinu v, including
in si*u heating to a4 large
stress decrement. UDisle luens were

seen to be a primarv feature o: creep
substructure, in agreeront wothn o previ-
ously developed dislocat toup model.
The authors suggested lastic
strains measured after str o decrements
are due to a dislocation runback mecha-
nism, and not the action ¢r long-range
internal stress. The papers dealing with
internal stress measurement led to dis-
cussion of their theoretical and physical
basis, the resolution of which seemed to
be agreement over terms and the basic
framework in which such stresses are to
be postulated.

Two papers addressed changes in the
power law creep bpehavicr of metals. H.
Oikawa (Tohuku University, Japan) re-
ported that bcc, fcc, and hcop alloys
change their <creep Dbehavior with in-
creasing stress, where recovering ap-
peared to be rate controlling, and where
the stress level for deviation was de-
termined by solid solution hardening with
immobile solute atoms in +the matrix. 2.
Horita (Kyushu University) and others
presented results of two experiments to
evaluate the deviation of the stress ex-
ponent from the value of 3 for Al-Mg al-
loys. These included precise measurement
of this deviation as a result of solute
concentration, and superposition of an
ultrasonic oscillatory stress during
high-temperature deformation. Both sets
of results were interpreted in terms of
effective component of the dislocation
velocity.

8 Projection. The most discussed (if
not controversial) topic of the confer-
ence involved the 8 projection concept by
R. Evans and B. Wilshire (both of Univer-
sity College Swansea, UK). The basis for
this approach is the assumption that nor-
mal creep curves are composed of the sum
of decaying primary and accelerating ter-
tiary components. The variation of creep
strain with time is described in terms of
an exponential expressic:» ~ontaining four
coefficients, two of which ot as scaling
terms defining the extent of the primary
and secondary stages with respect to
strain, while the other two are rate
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parameters governing the curvature of the
primary and secondary components. Con-
stant stress creep data obtained for
polycrystalline copper over the tempera-
ture range of 604 to 774 K were used in a
nonlinear least squares regression to
determine the best fit for the coeffi-
clents. Variation of these coefficients
with stress and temperature were also
determined, and the authors postulated
that dislocation movement was enhanced by
dislocation diffusion, Because neither
grain growth nor recrystallization oc-
curred, it was further postulated that
tertiary creep was a consequence of a
gradual increase of creep rate as the
number and size of cavities increased
with strain. From extrapolation of the
calculated coefficients and stress/tem-
perature relationships obtained over a
narrow temperature range, a family of
minimum creep rate curves was predicted
for various temperatures, and found to
coincide with the data. Evans and Wil-
shire also concluded that power law
breakdown and the transition to low n
values were also accurately predicted.
Additionally, a "pseudo deformation mech-
anism map" was constructed using arbi-
trarily selected values of n for dif-
fusional creep and power law breakdown,
and an assumed activation energy dividing
diffusional ind dislocation creep fields.
Agreement with a published deformation
mechanism map was shown, and the authors
suggested that such maps could be viewed
as the consequences of the variation of
the creep curve shape with temperature.
They suggested that no change in mech-
anism need to be postulated to explain
the change in creep exponent,

In a later session addressing com-
ponent life, three additional papers ad-~
dressing the 6 projection concept were
presented. S. Brown (University College
Swansea) examined four equations describ-
ing creep strain as a function of time,
using nonlinear optimization techniques
to fit constant stress creep data for
0.5Cr-0.5Mo0-0.25V steel obtained at a
variety of stresses at 838 K. The co-
efficients of each expression were then
used to predict rupture life for various
stress levels, and the ¢ projection was
seen to be superior in its predictive
capabilities. Dr. Li (Daye Steel Cor~
poration, China) and others examined the
applicability of the 6 projection with
IN-738. In this study, values of the co-
efficients were determined for sequen-
tially increasing stress levels. It was
pointed out that although structural
changes and changes 1in creep mechanism
occurred, the 9 parameters followed a
simple linear function., K. Maruyama and
H. Oikawa (both of Tohuku University)
formulated a five-parameter expression

for creep curve fitting. For the case of
ferritic CrMoV steels, they postulated
that one of the rate constants appeared
to be related to diffusion, and examined
the materials-dependence of the strain
hardening and strain weakening parame-
ters.

From the questions and discussion
associated with the 6 projection papers,
it is likely that this topic will receive
increasing attention in the near future.
Its proponents claim success in accurate-
ly predicting long-term creep data by ex-
trapolation, but many are seeking funda-
mental bases for such successes, and ver-
ification of predictive ability. Because
of reported insensitivity of metallurgi-
cal mechanisms operating in creep, I
anticipate more attempts to ascribe fun-
damental physical significance to the
fitting coefficients, and to evaluate
their applicability among various mate-
rials.

The Role of Metallurgical Structures
and Impurities. The creep mechanism ses-
sions were concluded by several papers
related to the role of metallurgical
structure and impurities 1in the creep
process. R. Gifkins (Monash University,
Australia) reviewed the calculations of
stress components for creep and grain
boundary sliding. He concluded that the
latter is equal to that for creep except
for limited cases, and warned experi-
menters about recognizing transition. T.
Watanabe (Tohoku University) discussed
structure-dependent intergranular creep
fracture. Because grain boundary sliding
and fracture were seen to occur prefer-
entially at high-energy grain boundaries,
Watanabe postulated that decreasing their
frequency, producing a regqular distribu-
tion of high- and low-energy grain bound-
aries when the frequency of the high-
energy boundaries is low, and control of
grain boundary inclination may be effec-
tive in suppressing creep.

Dr. Li (Daye Steel Corporation) and
others reported results of a very well
designed investigation of the nucleation
of creep cavities in iron containing con-
trolled additions of sulphur, phospho-
rous, and carbon. They found that the
cavitation process depended strongly on
the sulphur level, particularly above the
solubility level for a particular temper-
ature. They also concluded that ease of
nucleation at grain boundary particles
depended strongly on the type of parti-
cles, where sulfides provided the most
profuse nucleation sites,

J. Mintz (Sandia National Labora-
tories, New Mexico) studied the growth of
grain boundary cavities in copper and
nickel through use of the tritium-to-
helium decay reaction to nucleate voids.
The results showed that cavity growth for
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nickel (under certain conditions) was
controlled by grain boundary diffusion,
where copper exhibited matrix-plasticity-
controlled diffusional growth. This pa-
per concluded that coupled models were

stainless steels. T. Nakazawa (Nippon
Steel Corporation) evaluated the effects
of carbon, nitrogen, and phosphorous on
creep and rupture ductility of high-
purity Ni-Cr austenitic stainless steel.

?- required to adequately describe the ki- C. Shepherd (UK Atomic Energy Authority)
' o netics of cavity growth under creep con- discussed the creep-strengthening mecha-
*: ditions. nisms in austenitic stainless steels,
Lo concentrating on the roles of phosphorous
>x Deformation and Fracture of Particle- in the reduction of minimum creep rate,
N Strengthened Alloys and possible causes of embrittlement by
" The session on deformation and frac- tin additions. R. Sandstrom (Institute
' ture of particle-strengthened alloys was for Metals Research, Sweden) presented a
! notable mostly for the variety of materi- paper evaluating the creep properties of
1:; als investigated. These included: a carbon 21Cr-11 Ni-0.15 N, 0.05-Ce aus-
e tenitic stainless steel, where the car-
) j e Oxide-dispersion-strengthened nickel- bon, nitrogen, and cerium contents were
N, base superalloys varied. Although these papers did not
1 ® TiN-dispersion-hardened 20-percent Cr- include detailed modeling, they addressed
25 Ni stainless steel key metallurgical factors in the creep
o ® Nickel-modified high-temperature co- and fracture processes.
) balt superalloys
1) ® Ferritic Fe-Ni-Al alloys containing Damage Accumulation and Creep Crack
.:} ordered precipitates Growth
W« e Directionally solidified Al/CuAl eu- The topics of damage accumulation
S tectic composites and creep crack growth were addressed
el ® Bismuth-doped directionally solidified through a combination of theoretical pa-
Mar M002 pers dealing with creep damage from
e SiO,-dispersion-hardened nickel-base the solid mechanics and micromechanistic
- alloys viewpoints, and interesting evaluations
i e Mechanically alloyed Al-Mg alloy con- of component behavior considering creep
5 taining oxide and carbide dispersions crack growth. R. Pilkington (University ¢
.: e High-temperature Al-Zr-V alloy from of Manchester, UK) investigated creep ’
rapid solidification processing. damage accumulation in a Cr-Mo low alloy )
i ferritic steel to assess effects of mul- 3
w The focus of the papers ranged from tiaxial stress and relate microscopic
“Q modeling of creep and strengthening mech- damage to macroscopic fracture parame-
" anisms to introducing new alloy concepts ters. He and his coauthors formulated a
v and production methods. Key theoretical modification of the Hull-Rimmer cavity
oy contributions included the formulation of growth model which, when coupled with )
» a kinetic model for dislocation climb continuum damage constitutive expres- f
“ over dispersion particles which treated sions, was seen to reasonably predict i
- the dislocation shape in the vicinity of creep cavitation damage and macroscopic
. the particle and the effects of an at- creep strain. G. Webster (Imperial Col- h
: tractive interaction between dislocations lege, UK) introduced an assessment pro- {
. and particles in the climb process, and a cedure for cracked components based on !
-~ mechanistic model of the dislocation the C* fracture mechanics parameter (in- k
- creep of particle-hardened materials be- cluding two case studies) where uniaxial ]
3 tween threshold and transition stresses., creep data was employed to assess welded o
(] R. Lewis (Lockheed Missiles and pressure-vessel performance. As antici- :
¢ Space, US) presented results of attempts pated, defects in the weld metal and HAZ 8,
N (by him and others) to produce an Alj, proved difficult to treat because of ef- d
> (Zr, V) metastable precipitate-strength- fects of residual stresses and stress b
] ened aluminum alloy from a variety of redistribution. In a complementary paper, ~
;: rapid solidification techniques in order T. Hollstein (Fraunhofer Institute, West -
> to achieve 5- to 1l5-percent precipitate Germany) presented experimental and nu-
- without losing ductility at room tem- merical results where creep crack growth
@ perature. To complete this materials rates of IN 617 at 900°C were correlated
f: perspective, Benn introduced a new class with the C*-integral. Utilizing a sta- ,ﬁ
-~ of oxide-dispersion-strengthened super- tionary numerical simulation for limited )
™ alloys, and presented long-term stress creep crack growth, they showed good
N and creep rupture data in comparison with agreement with experiment, suggesting ‘Q
“ conventional superalloy formulations. promise for such an approach for compo- k
£, Creep and Fracture of Steels. The nent assessment. N3
- session on creep and fracture of steels The papers addressing combined *
> - was highlighted by a group of presenta- creep-fatique conditions addressed am- >
3 tions which addressed the performance of bient-temperature as well as elevated o’
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temperature creep and damage accumula-
tion. W. Evans (University College of
Swansea) evaluated creep-fatigue of
alpha-beta-processed Ti-6A1-4V, showing
that low-temperature creep is responsible
for an observed sensitivity to dwell un-
der cyclic loading conditions, and at-
tributed the initiation of subsurface
cracks to time-dependent strain accumula-
tion. M. Winstone (Royal Aircraft Estab-
lishment, UK) and coauthors proposed a
physical model for cyclic creep of near-
alpha titanium base on weakest link sta-
tistics, where local strain inhomogene-
ities were seen to produce stress concen-
trations within large components. H.
Cortie {(University of Witwatersand, South
Africa), on the other hand, evaluated the
acceleration of creep crack growth in
Cr-Mo steel in an attempt to sort out the
roles of creep and environment. His pa-
pers concluded that a synergistic creep-
fatigue-~environment interaction exists,
which must be necessarily modeled in a
coupled approach.

Remanent Life Assessment

The session on remanent life assess-
ment and creep data prediction included
papers on the 6 projection concept and
its modifications which were noted earli-
er in this summary. M, Steen (State Uni-
versity of Ghent, Belgium) and M. DeWitte
(Laborelec, Belgium) presented a pair of
papers dealing with structural instabil-
ity as related to the extrapolation of
short-term creep test results. They
showed that short-term constant strain
rate creep tests could be used to predict
creep rate over a wide range of stresses
and temperatures provided microstructural
thermodynamics equilibrium is maintained.
Time-to-rupture extrapolations from con-
stant strain rate tests agreed well with
extrapolation of constant stress tests
where the microstructure (in this case
for steels) was constant. The importance
of structural instability in data extra-
polation was discussed. B. Cane (Central
Electric Generating Board, UK) reviewed
the status of remanent creep life assess-
ment methodologies for power and process
plants, focusing on low-alloy ferritic
steels. He identified areas of required
investigation to bridge gaps in assess-
ment capability, particularly related to
aged materials and those undergoing weld

repair. F. Masuyama (Mitsubishi Heavy
Industries, Japan)} presented very inter-
esting results where creep damage was

assessed from the evaluation of profiles
of element concentration spectra by means
of computer-aided x-ray microanalysis. A
correlation was seen between spherodiza-
tion of precipitates and creep damage,
which was then linked with creep rupture
life consumption rate. P. Auerkari (Tech-

nical Research Center of Finland) and P.
Vieros (Imatran Voisna Oy, Finland) pos~
tulated the possibility of predicting re~
sidual life fraction in a uniaxial creep
test using a relation between cavitation
and strain, thus pointing to a basis for
use of cavitation measurement to assess
creep conditions in high-temperature
steam piping.

The conference was concluded with a
session devoted to elevated temperature
performance of ceramic materials. A.G.
Evans (University of California) high-
lighted this session by a very thorough
review of the fundamental principles in-
volved in high-temperature flow and frac-
ture of ceramics and ceramic composites.
This review included creep crack growth,
crack blunting, flaw, nucleation and
stress corrosion. He concluded that mod-
els are required to incorporate the vis-
coelastic character of the ceramic with
microstructural events such as grain
boundary sliding.

Summary
This conference provided an excel-

lent forum for scientists and engineers
dealing with creep and fracture of mate-
rials to exchange their most recent re-
sults, and to assess progress. This was
aided by the availability of the pro-
ceedings prior to the meeting which led
to rigorous discussion of many of the
papers. Because the conference was the
third of this series, all of which have
been held in Swansea, there was a clear
sense of continuity in many of the papers
and topic areas, and this series appears
to be targeted by many participants for
future contributions.

Reference

Wilshire, B. and R.W. Evans, "Creep and
Fracture of Engineering Materials and
Structures," The Institute of Metals,
London, UK (1987).
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SIALON CERAMICS RESEARCH AT THE UNIVER-
SITY OF NEWCASTLE-UPON-TYNE

by lLouis Cartz. Dr. Cartz 7s the lLiaison
Seientist for Materials Seiernce in . . rope
and the Middle East for the (£fice of Na-
val Research's London Kkrcwnch e

AP
Cffiee,

ig on leave wuntil June 13B& from Mar-
quette lUrniversity, Ccllege of Fnginver-
ing, Milwaukee, Wisconain,
Introduction

The pioneering work of Professor
K.H. Jack and his research group at the
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University of Newcastle-upon-Tyne on si-
alon ceramics is well known. The work has
led to the development of sialon ceram-
ics, many of which are marketed by Lucas-
Cookson-Syalon Ltd., UK; these sialons
are produced under license by, for ex-
ample, Sandvik Hard Materials AB (Swe-
den). Since the retirement of Professor
Jack in 1984, the research group at New-
castle has continued under the direction
ot Dr. Derek P. Thompson. The main thrust
of the research has continued to be in
the preparation and characterization of
sialon materials for high~strength, high-
temperature engineering applications.
Several of these studies are described in
paragraphs following.

The Glassy Phase at the Grain Boundary

Sialons form useful materials but
contain a grain-boundary (GB) glassy
phase and so suffer a degradation in
properties at about 1000°C. This glassy
GB phase 1s formed from the sintering
additives, which are required to prepare
high-density solids. Extensive work at
Newcastle has been carried out on the
Y-Si-Al-0-N sialon ceramics using yttria
as the sintering aid, which results in
the formation of a crystalline material
at the GB consisting of yttrium aluminum
garnet (YAG), Y3Alg0;, (Slasor et al.,
1985; Walls and Thompson, 1986). The
conversion of the glassy phase at the GB
to YAG extends the upper temperature
limit to about 1300°C, above which deg-
radation by oxidation and creep mecha-
nisms seriously restrict high-temperature
usage. Current research at Newcastle is
concentrating on improved densification
cycles with controlled mixtures of ad-
ditives to produce specific refractory GB
phases which improve the high-temperature
performance. Since alumina reduces the

for new phases and promising refractory
compositions. Attempts are underway to
form materials of composition Si(C,N).
Such compositions are being explored for
their high-temperature electrical proper-
ties.

Nitrogen Glasses

Worldwide interest in nitrogen
glasses has focused mainly on the im-
provement of the nechanical and thermal
behavior properties of nitrogen glasses
compared with oxide glasses; optical
properties of nitrogen glasses have not
been explored because they are opaque.
Recent transmission electron microscope
work has shown that this opaqueness is
due entirely to a dispersion of iron sil-
icide particles in the glass. By using
pure starting materials, transparent
glasses can be produced (see Figure 1).
Glasses can be prepared with no ppt at
all. The specimen of Figure 1 has been
chosen so that the nature of the ppt can
be seen.

The Newcastle group 1is exploring
crystallization of nitrogen glasses to
yield glass ceramics because of the di-
electric and superior mechanical proper-
ties of glass ceramics. The ceramics of
8" magnesium sialons, which can be crys-
tallized by using B8' sialon as a nucle-
ating agent, are low-loss materials. The
increasing range of crystalline oxyni-
trides offer alternative possibilities
(Jameel and Thompson, 1986). The use of
zirconia to improve the low-temperature
mechanical performance of glass ceramics
is also being investigated. The variables
of quenching treatment and the amount of
stabilizing agents in the starting glass
composition offer prospects for good con-
trol of the mechanical properties of the
final material.

v eutectic temperature in the ¥-Si-O-N sys-
:u: tem by at least 200°C, mixtures of oxides Magic Angle Spinning Nuclear Magnetic
. 2? other than alumina are being explored. In Resonance (NMR)
’f~) the Mg0-Y,03-Si3;N, system, the pyroxene New analytical techniques are impor-
‘] phase MgYSi,O¢N, which can be produced as tant for the characterization of high-
‘ a secondary grain boundary phase, allows performance ceramics. A research program
reasonable refractory performance up to in collaboration with Professor R.K. Har-
vJ: 1450°C, but this material suffers from ris at nearby Durham University, is cur-
b o, the catastrophic low-temperature oxida- rently exploring the usefulness of magic
1:\ tion behavior exhibited by melilite- angle spinning NMR as applied to engi-
o~ containing ceramics. Fortunately, this neering ceramics. In magic angle spinning
?JQ problem can be overcome by the recently NMR, the effect of the aligned dipoles
4 developed flash oxidation techniques of the crystal structure can be excluded,
@M (Govila, 1987). as well as the effect of chemical shift
:'f wWork is being undertaken on the pos- anisotropy on the line width. The reso-
" sible use of Nd,0; to replace Y,0; as nances from sites of different local
;\: the sintering additive (Slasor et al., environment are readily detectable, (Du-
T 1986) . pree et al., 1985). One important use of
(A this is the study of the coordination of
'Q& Silicon Caroonitrides 29g5i and 27Al; silica on the surface of
. The Newcastle group's interest in grains of silicon nitride powder can be
© phase relationships continues with an identified and distinguished from SiO,
o~ investigation of the C-Si-Al-0-N system from within bulk silicon nitride. The :
N i
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(a) Low magnification showing general
transparency.

- 20pm

(b) Optical micrograph of some glass
slab where precipitates can be seen,

Figure 1. A Mg-sialon glass slab con-
taining fine precipitates of an Fe sili-
cide,

sensitivity of this technique for de-
tecting grain boundary glass phases is
being examined.

Modeling of Ceramic Behavior

The arrival of Dr. Howard Chandler
in 1985 on the staff of Newcastle's Met-
allurgy and Engineering Materials Depart-
ment broadened the existing expertise in
ceramics to include mathematical modeling
and behavioral studies on the impaction
of starting powders and improved methods
of ceramic fabrication.

conclusion
The research gqroup led by D.P.

Thompson  have made very interesting
progress 1n a series of studies, 1n-
cluding:

® Nitrogen glasses and their transpar-
ency

® G(Glassy ana vrystalline GB phases and
their rcle an catastrophic oxidation
above 1000-C

® Refractory Gb phases tco reduce high-
temperature creeg

® The possibiiity of preparing Si(C,N)
compounds

® Nitrogen-pyroxene compounds (a new
class of nitrogen-containing crystal
structures)

® A useful high-tempevature ceramic at
1500°C formed by Si1:N., with less than
{0 percent Y O, additive,

Although the group 1is relatively
small in number, thelr results are most
impressive,
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Mathematics

ARTIFICIAL INTELLIGENCE AND RELATED RE-
SEARCH AT SALERNO
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In continental Europe, one may find
Artificial Intelligence (AI) research
disguised by unusual names, and pursued
1n diverse academic departments where one
would not expect it. For example, at the
young (less than 15 years old) University
of Salerno (southern Italy), excellent,

interdisciplinary AI work is done, under
the title of "Cybernetics," in the De-
partment of Theoretical Physics, which

also carries out notable research in the
"standard" topics, including superconduc-
tivity and elementary particle theory.
The allocation of AI to the theoretical
physics department 1is particularly odd,
since the Faculty of Science does have a
Department of Informatics, and the Fac-
ulty of Engineering even has a Department
cf Computer Science.

These (and other) peculiarities are
closely related to the personality and
professional history of Professor E.R.
Caianiello, currently the Head of the
Department of Theoretical Physics. He, a
well-known quantum field theorist, first
became interested in the collective be-
havior of large systems with a complex
structure in the early 1960's, when he
was Head of the Theoretical Physics In-
stitute of the University of Naples.
Since, apart from such systems specif-
ically related to the simulation of in-
telligence, he was drawn to more general
structures (including natural languages,
biological systems, and social systems),
he fcund it appropriate to refer to his
efforts by the classic term cybernetics.

But, he told me recently, it has been
always "crystal clear" to him that ac-
tually "the true and ultimate object of
cybernetics is the study of intelli-
gence. Moreover, calling it ‘'natural'

or 'artificial' is misleading and leads
only to confusion." In 1968, Caianiello
became founder and director of the Ital-
1an National Science Council's indepen-
dent Institute for Cybernetic Research,
at Arco Felice. This led to further di-
versification of Caianiello's outlook.
Finally, when in 1973 he became the
Founding Dean of the Science Faculty at

the University of Salerno, he took along
his best coworkers (from both his previ-
ous posts) and placed them in the Depart-
ment of Theoretical Physics so as to en-
sure both a basic, broadbased interdis-
ciplinary activity and an atmosphere
which distinctly differs from the run-of-
the-mill version of Al-related research.
In particular, Caianiello emphasizes that
his and his half-a-dozen permanent as-
sociates' work is searching for the un-
derstanding of various areas of structure
in complex systems. The coexistence and
interaction of so many structure; (atoms,
humans, the universe, and all there is in
between), he says, would be inconceivable
if there were not, behind it all, some
general organizational principles. And,
he adds, theoretical physicists are emi-
nently suited to perform analysis of this
kind. Of course, the laws that determine
the behavior of complex systems (includ-
ing intelligent systems) are not of pure-
ly physical nature (like Newton's laws);
rather, they have a logical nature, con-
nected with information, entropy, hier-
archy. Furthermore, Caianiello points
out the almost obvious fact that the
study of structure is epitomized by the
notion of "complexity." In order to ap-
proach AI reasonably (and more modestly
than is the custom these days), we must
learn simple mathematical ways "to catch
what 1is really essential in phenomena
which occur only in systems with large

numbers of components and of interac-
tions."
The philosophy, outlined above,

brought Caianiello's group in close con-
tact with other internationally respected
Al researchers and groups: Bruxelles
University, the Los Alamos Laboratory,
the Tiilbingen Max Planck Institute for
Biological Cybernetics, the Biocybernetic
and Medical Engineering Laboratory at the
Polish Academy of Science, and the Cyber-
netics Research Effort of the Soviet
Academy of Sciences. (Contacts with com-
mercial outfits, so typical for other AI
research centers, are notably absent.)
Current research at Salerno under
the leadership of Caianiello can be char-
acterized by the following headings:

® Neural nets and cellular automata
e Hierarchical systems

® Composite sets

® Mathematical linguistics.

Clearly, these areas overlap, since,
for example, the linguistics research
here is especially concerned with the
hierarchical sequence that begins with
concepts such as "letters-syllables-

words...,"; moreover, composite set the-
ory has proved particularly efficient in
automatic ("semi~intelliqgent") pattern

26

xl'

'-
am o ~

) - -y
N A {

~
W DN W o
[} A &
R 5 Rt N .'t e 9".0" SN .i"&".t el U‘.o“.o :".0 W




L e ah g

ESNIB 87-02

recognition, In addition, “practical"
concentrations in robotics, memory, per-
ception, also pursued at Salerno, clearly
are related to the listed thematlic areas.
In any case, <Calaniello considers the
long-range goal of his group to be the
understanding of "general architectures
for total brain activities."

In order to 1i1llustrate the flavor of
research at Salerno, I will make a few
comments on the neural nets and on the
composite set research areas.

Neural Nets

Caranlello's work in the area of the
behavior of interconnected "yes-no" eie-
ments (abstract neurcns) was originally
itnspired by the pioneering work of
McCulloch and Pirtts in the 1940's. Now,
he finds 1t important to emphasize the
essentia: nonlinearity that 1i1s fundamen-
taily connected with Boolean algebra de-
cilsion making, models of neural activity,
and cellular automata. In order to un-
ravel the enormous difficulties that
ar.se 1in the long-term behavior and col-
le-tive action of discretized, intercon-
nected aggregates of yes-no decision ele-
merts, Caianiello broke down his program
not 1nto the customary, ever-to-be re-
fined linear approximation approach of
the whole, complex system and its dynam-
ics, but rather, into the study of three
ifarirs+ types of laws:

1. Neuronic equations (NE). These
describe the behavior of the net with
constant, fixed connections,

2. Evolution or mnemonic equations
(ME) . These should account for the change
of the couplings among neurons which oc-
cur as a consequence of the activities
described by the NE (thus, adaptation and
learning belong in this field).

3. Adiabatic learning hypothesis
(ALH) . These studies should fix the re-
spective time scales appropriate to the
NE and to the ME and thus decouple the
calculational work needed for NE and for
ME (since their time-scales are believed
to differ by a factor of 10%),

Major progress has been recently
achieved in area 1. In fact, a complete
analytic solution of the NE has been ob-
tained, and the general properties of
the solutions have been analyzed (see
Caianiello, 1986). The basic tools used
for obtaining the solutions came from
combinatorics. Caianiello also exhibited
the close relation between the continuous
and discrete aspects of the theory which,
he believes, 1is essential for any con-
crete application of the formalism to
adaptive learning devices, and also for
reliable design of less ambitious AI sys-
tems. Finally, an interesting mathemati-

cal point was elucicated: 1t woar showe,
that any Boolean function or net ocar b
always reduced to a larger livnoar .-
Thus, the consideration ot BRoolean ot
cannot yield behavior that one cannot .-
least 1n principle) obtain frow sur::-
ciently large linear nets.

These breakthrough results oree
the starting point of the work by M.
Marinaro and Caianiello (1986) where tio:
inverse problem was exhibited and pa:-
tially solved. The scientists showed
that, given any preassigned sequence
states, it 1is possible to give an ex-
plicit, compact expression that detor-
mines formally which Boolear tuncti:
must be assigned to each cell in ord.-
for the cellular automaton (or more qger-
erally, the neural net) thus construct
to go through this preassigned seguence
in the prescribed order. The starting
point of the mathematical approach lea:l-
ing to this result was the linearizatiun
of the dynamics by passing from a Bocleu
N-space to a linear functional 2N space:
as pointed out above, this can be done
rigorously.

Current work in this area 1is based
on the observation that the mathematical
methods so far used for NE studies per-
mit, in principle, the exact formal syn-
thesis of any cellular automatorn whose
behavior is prescribed a priori. One of
the specific problems currently under
study is: what can one say of an automa-
tion in which each cell changes its state
with a linear threshold logic? {Present
results assure one that such an automaton
cannot be "additive" because these cor-
respond to nets of monomial nonseparable
Boolean functions.) The Salerno scien-
tists are convinced that such types ot
questions might be better studied analy-
tically than by computer simulation--and
I, personally, find this belicf a re-
freshing alternative to current trends.

Composite Set Calculus

Composite set calculus--for short,
C-calculus--is a new algebraic method
developed by the Caianiello-school as a
general technique for the analysis «f
complex hierarchical systems. In esscnce,
it is a tool for dealing with situations
in which increasing degrees of precision
in measurement or in prediction are de-
sired: an appropriate handling of less
precise measurements by C-calculus can
yield more precise measurements. Since
"measurement” stands here for the wmost
general meaning of the term, it should be
expected that C-calculus may play an m-
portant role of information-handling that
occurs in many areas of AI research, in-
cluding pattern recognition.

A composite set (C-set) is defined
as an ordered string A=(a;, 4,, ..., 4a,}

r
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of arbitrary "elementary" sets that can
be assi-med some numerical valae M{a,)
(or several such numerical values.) Two
algebraic operations are then defined 1n
the universe o:r C-sets. First:

1. Addition:

A+B=(a,Ub.,...,a. Ub,,..,a,Ub,,...,a_ Uby}

where U means set-union and where the nu-
merical value associated with set a, Lb

is max IM(a,), M(b.);.

2. Multiplicat:on:
A*B=(a.'b,...,4a.'by,..,a,'b,,...,3, bgl,
where Y means Set- 1rtrrsectlon and
the rnumerical value assoclated wilith set
a,tb. is min [M(a ), M(b.)!l.

I have oversimplified the calculus,
assuming that there 1is only one value,
M(a,), associated with each set, but this
need not be so. In any case, it can
be shown that the universe of C-sets
equipped with the + and x operation is a
communicative semi-ring. The simplest ex-
ample of the C-calculus is the following.
Let A ard B be two partitions of a line
segment, and let the numerical value as-
sociated with the subsegments be their
length. Then, the product of A and B 1is
the partition of the given segment which
is defined by using all "endpoints" of
both the A and the B partition subseg-
ments as new segmentation points. Clear-
ly, the C(C-product of the two parti-
tions gives a refinement of one by the
other.

This property of C-products 1is pre-
cisely the one that can be used, for ex-
ample, in automatic image analysis, par-
ticularly pattern recognition., One uses
a pixel-network to cover an 1image and
measures, for each pixel, the minimum and
the maximum of, say, "grey levels." Then
one slightly translates the pixel-net-
work, goes through the same procedure--
and takes the C-product. It can be shown
that the latter will give information on
the 1image that 1is more precise than
either of the two component informations
were. Caianiello and his associates have
shown that, by suitable chances of pixel
size and network-displacements (and num-
ber of displacements) one can arrange
that C-calculus leads to filtering, or to
contour extraction, or to image refine-
ment, or to contraction/dilataticn, or to
texture analysis, and so on. In other
words, C-calculus permits a wunified meth-
odology to different aspects of automatic
analysis, which, 1in the standard ap-
proaches, are all achieved separately and
by diverse "tricks."

Two recent articles on C-calculus
can be found in Caianiello and Aizerman
(1987).
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Catanriello, E.R.
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JOINT MEETING OF THE FRENCH AND ITALIAN
COMBUSTION SOCIETIES

by EFugere f. ZErowm. Sr. Frown was the
Iiaison Seientist Fovr Fluii Meckanics inm
Furcpe and the Midile Faet Sorothe L oe
cf Naval Fesearch's lcocnmion HEpaveh Office
until September 427, Heo has row re-
turned to the Virginiz Folutechni~ ngti-
tute and Jtate Univercituy, where ke is a
Professcr of  Merhawiosal Tngineering.

The first joint meeting of the
French and Italian Combustion Societies
was held from 16 through 19 June 1987 in
Amalfi, Italy. The presentations were
grouped into nine topical areas:

Pollutant Emissions Control

Combustion Chemistry

Stationary Combustion

Soot Formation and Oxidation

Engine Combustion

Flame Propagation, Ignition, and Ex-
tinction

Fluidized Bed Combustion

Spray Characteristics and Combustion
Coal Combustion.

A total of 109 papers were given in
two concurrent sessions with the greatest
number of papers coming from Italy (50)
followed by France with 35, and the re-
maining papers contributed by Germany
(11), England (5), US (4), Belgium (2},
Poland (2), Portugal (1), and Hungary
(1) . A complete book of abstracts was
distributed to each participant at the
beginning of the meeting. A conference
proceedings will not be published.

As 1is perhaps already obvious from
the listing of session titles, the

o, Wyl W <, Y W LY -
: iy *JQ?5f oD ~ o r::: -

\ \'

0
\"'l'. at, u‘!‘c’.,n‘

f‘
1 J~A -

RRODORNAN i S e K A O

-‘

AL O
‘---..‘ -I‘ -, -.

o

,\.e.uﬁ% ...!

PRARV \"'-j ""s"\'r LSRG

l

'f‘\l N'UQ'

3
Qg Wt Ms‘ ML)



variety o topros presented gt otnis reet-
10y was 1mmense . The g,n-rn.-r.! at oy varsed
1N 1ntellectud. conters from o ngn e
erllses USIDg COMeer vl gl sortware  and
ciassical cembustior oand turbuience mod-
els to detailed studies  or thee pund
mechanics and chemlstry of cgretuliy con-
trclled laboratory expr riments. The an-
terested redader wl.. nave oo cdrrrtioylty
1n drscovering which st fhose presenta-
tions I otound te o bLe oI thee greatest in-
terest. They wil. be de-vritweea i the

paragr aphs, What 15 .- =s ob-
vioeus what I nmone oo Lo rt A
let me odare that  Clear feere gt tho De-
ginning. I wii. Lot be repertinag on press
entations whidk teatured  tie Chemival

aspects o! combustion (detal.ed reaction
mechanisme  And  Kinetlos, rol example),
SO0t formation, po.iutant emissicen,  and
coal coembustion nciuding rlurdizeda bed
compusticn) . I have aisu exoluded a num-

ber «: desian-crieated 1nterrnal  combus-
tiorn encine  studiles 1n which detarled
Measurements (ot velocity, and 1n =ome

cases, temperature) 1inside the combustion
chamber were reported, Firally, because
thils was the ftirst jolint meeting or the
twe socictles, a number of papers of du-
bious guality were 1included for the le-
gitimate purpose (in the context of this
meeting) ot presenting a complete picture
of the research activities taking place
1in the twoe countries. These papers have
also been wexcluded. Finally, from what
remains, the reader will find that I have
decided to report those presentations
which have more than a casual connection
with computatiocnal fluid dynamics (CFD).
Obviously, this 1s because of my own
techrical 1nterests.,

A surprising and unintentional out-
come of the selection process just de-
scribed 1s that not a single Italian
presentation 1s reported in this article.
The reason 1s that the strength of the
Italian combustion community, judging
from the program and the sessions which I
attended, lies 1n the experimental as-
pects of engine combustion, coal combus-
tion, and fuel spray characterization and
not in the CFD-related combustion re-
search, which 1 have chosen to report on
here.

The European Communities Combustion Re-
search Program

P. Zegers, Program Manager of Energy
Conservation R&D of the Commission of the
European Communities (CEC) described the
CEC combustion rescarch program now un-
derway 1r the European Economic Community
(EEC) . This program was undertaken in
response to a European Community (EC)-
sponsored survey of European combustion
research and development activities car-

M 4oa o e o0 o s o g

“ESNIH 57702

Estab:lishment (AEKRE) ~Harwell .o 1987 Th.o
conclusions of this report wers

® The screntifirc and tecnnica. oo o ot
European research workers a7 2 gro-
pean research instituticny  was -
parable to those tound in t:re TS gl
Japan.

® The level of funding was adrgquiate or
general (although slightiy ..we:r *han

the US and Japan) but uncuverly dis-
tributed.

® The activity was tragmented
coordinated, CauslnNg UNNeCe L Gag
laps ana gaps.

® Communications between the soient:itic
and 1ndustrial sectors Wt 1S3 OO
causing slow diffusion of potentialiy
useful results.

Consequently, 1n 1986 a 2-year FERuropean
research program in combusticr was niti-
ated with $9 million contributed by the
EEC and an equal amount through cost-
sharing provided by the various Furipean
industries and Joint Rescarch Committee
(JRC), which 1s a consortium of Kuropean
automobile manufacturers including Brit-
ish Leyland, FIAT, Peugeot, Renault,
Volkswagen, and Volvo. To addrecs the
lack of communication betweenr the scien-
tific and 1industrial sectors which was
brought out in the Harwell stud., all
projects were designed to have both an
academic and an applied character, and
the sharing of information was assured by
including the preparation of written re-
ports and attendance at periodic contrac-
tors' meetings as "deliverables" in each
contract. Fourteen separate contracts
have been let under this program in-
volving partnerships of 40 industrial,
university, and government laboratories,

The first CEC project is being man-
aged by Harwell. It is directed toward
the basic aspect of turbulent combustion
modeling, chemical kinetics, elementary
combustion mechanisms, and advanced di-
agnostics. On the theoretical side, an
extension of the "flamelet" model will be
explored for highly turbulent combustion,
On the experimental side, the modern di-
agnostic techniques of coherent anti-
Stokes Raman spectroscopy {CARS) and
laser-induced fluorescence (LIF} will be
pursued for cases of high-pressure com-
bustion. In the kinetics area a Kinetics
Data Center will be established at the
University of Leeds, UK, which will serve
as a "clearing house" for new and already
published data and be directly accessible
by all universities and industries of the
EC.

The second project is the develop-
ment of global combustion models tor op-
timizing the performance of reciprocating

ried out by the UK Atomic Energy Research engines (both diesel and Otto cycle). f
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White . aw
SR SR o trrst
CheseteUncerstandine
Lelta o . s turblne  conpustaore
Deers cbtalned, Arona the mOSt o interestlna
) Whiltelaw tound 18 that the
turbuience  1ntens ity Do a0 gas
cnbustor s much less than orig-
trncught, For  erndgines 1n o whioh
cuimbustors employing a vaporizer
{such as the Polls-Royee Tavy)
INtenslt.ies  are  3iways  loss
peroent, Finally, tempoerature-
comditioned sanpling of the  velacity
Teasurement s nas ralsed considerab e
Goubt about the adequacy of conventionail
K~. turbulence modellna for gag turbine
combustors., {n particuidar, he has found
that hot packets or fiuld travel more
thanlh cool ones do, which Jdemon-
that that transter modeling bac-:d
the sc-casled gradient diffusicn model
must 1nevitably be 1n error. Moreover, a
caretu.l consideration of the terms re-
quired to produce an accurate calculation
ot the radial heat tlux has convinced him
of the 1mportance of i1ncluding the effect
of the mean pressure gradient in the tur-
bulence model, a factor which i1s not in-
cluded, for example, 1n the k-« turbu-
lernce model.  Unfortunately, current com-
bustor desligns seem to favor an increased
amount ctf premixing, which appears to ac-
centuate both the 1mportance of including
the etfrect of the mean pressure gradient
ara ncngradient diffusion. For such sit-
uations, Whitelaw bellieves accurate cal-
Culaticns can ornly be obtained by solu-
tion ! the Reynoids-stress and the re-
rtated heat {lux equat:ions.

Vombustiorn Simulation and Modeling
Regardless of how the chemical re-
acotiens are medeled,  some way must  be
found to provide adequate spatial resolu-
the flamne fronts. B. Larrouturou
itut National de la kecherche en
U et en Automatique (INRIA)-
Sernila Antipogls (France) presented his
ajcroach,  which involves a meving mesh
strten o whaon tollows the flame tront and
whloho oaut matacally adjusts 1ts fineness
t caLvulate  the rapld varsations  in
vroperti-s whiloch o are found there. The
slame tron s centered 1n the computa-
f1onal by moving the mesh (orward at
the oo Toane speed, The proper concen-
tratie.n o : <124 (Larrouturou uses qa
; corputational algorithure)
1s ach:oved through a combination of dy-
namic ana static rezoning. In tecent work
Larrouturod  has  conditioned the static
rezoning process by means of oa mesnh func-
tion which reflects the local "goodness™
Hf the mesn, That 1s, 1t reflects the
accuracy b othe spatlal approximation and
the local mesh reqularity. He showed
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s . LseLio-ipevtral method
R T~ il st i,
-reloiroite Loapers k. Borghir (Uni-
. : ! described two
LT terent arprsooashes  f!or handling
s ractior etweel. turbulence  and
.o lhe lirst ot o these two papers
wdoLy . Natr) concerned the cal-
o3 f butane combusticn in a model
sSpark-lunition engine by means of his
Interactiun With the Mean (1EM) method.
r. these ca.culations the mean tempera-
ard specles conventrations were ob-
red trom the KIVA code, a finite ele-
ent code for general purpose linternal
combustion engine modeling developed by
the Los Alamos Scientific Laboratory, New
Mexico. The KIVA code, however, requires
mean reaction rates. Borghi's IEM tech-
nique provides this information by means
cf Lagrangian balance equations for the
fluctuating temperature and species con-
centrations and an assumed probability
density function. Arrhenius-form reaction
kinetics are employed in the chemistry
model which 1is based on a complex hydro-
carbon combustion model due to  J.
Warnatz. Encouraging results for the
burned fraction of fuel and oxidizer and
the mean pressure as a function of crank
angle were obtained for a premixed-charge
engine with a compression ratio of 10 and
an equivalence ratio of 0.9, but no spe-
cific comparison with experimental data
was shown.

The second paper was a very original
contribution in which Borghi used the
Cellular Automata (CA) approach to study
turbulent wrinkled flame propagation,
Purpose o©f this work was to explore
whether the CA approach in conjunction
with a simple combustion model and a
random-walk turbulence simulation could
produce a realistic variation of flame
propagation velocity and flame thickness
with turbulence intensity and turbulence
length scale.

The simulation was carried out in
three steps. In the first step, all fluid
particles were displaced in accordance
with a turbulence field of specified in-
tensity by means of a random-walk proce-
dure. The second step involved examining
the rparticles at each site along with
their nearest neighbors and coalescing
the particles on the site (or populating
the site 1f 1t is unfilled) in accordance
with a simple set of interaction rules.
The third step consisted of propagating

el Bran e

[
[alial

ot oy be e
1

the boundary between the burned and un-
burned particles {(the flame front) from
the burned side 1into the unburned one
with a prescribed laminar flame velocity.
Both one-dimensional and two-dimensional
{square lattice) simulations were carried
out. The turbulent flame speed was de-
termined from these results by calcu-
lating the mean value of the local flame
speed over the entire flow field and
averaging these results over 30 realiza-
tions. The flame thickness was obtained
in the same way from the variance of the
position of the flame front. What was
found was a nearly linear variation of
the turbulent flame speed with turbulence
intensity. Its slope of 1.8 agreed well
with a slope of 2, which is often cited
from physical experiments. In addition, a
linear relationship between the turbulent
flame velocity and the integral length
scale was found.

These numerical experiments are only
a crude approximation of what happens in
an actual turbulent flame, and only the
effects of turbulence on combustion and
not the reverse were included; however,
the physical realism provided by the re-
sults 1is striking. Now that the basic
model has been established, calculations
for other cases are clearly possible (and
have been done) for situations involving
multiple scales and oblique flames. Al-
though, from an engineering point of
view, such calculations must be viewed as
being fairly simplistic, the phenomeno-
logical understanding provided by such
calculations can produce improved turbu-
lence models which in turn can be used in
the solution of more realistic problems.

Industrial Applications

An industrial furnace application
was described by B. Viollet of Elec-
tricité de France (Paris). Separate con-
sideration was given to the mixing of the
flow and the combustion process using a
zonal computation method which permitted
the different scales present in the
mixing and the combustion regions to be
separately considered. To minimize the
errors due to numerical dissipation, a
bicharacteristic integration method due
to Esposito (1981) was used. A one-step,
single-reaction, fast-chemistry model due
to Jones and Whitelaw (1982), and a prob-
ability density function approach using
beta functions was employed in order to
calculate the instantaneous mass reaction
of fuel. 1In the calculations, a k-e tur-
bulence model was used and a separate
equation was written for the transport of
the variance of the mixing rate. Radia-
tion was accounted for by both a flux and
a modified discrete transfer method. The
high values of the mean temperature and
turbulent temperature fluctuations in
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. ‘alollarions in an uncontined combustion process tou be liquitica ot the
- seemed to suggest that the temperature of the seawater and stored
SRR 1o rodeling the dissipation on-board the submarine. On-board storage
-4' -~ ot the mixing rate might 0of the combustion products is 1mportant

in order to aveid the tendency ot the

bl the oscillations in submarinc¢ to rise as the fuel is con-

‘hambers were describ- sumed. The combustor is 62 mm in diame-
of the University of ter and 132 mm long, giving 1t & power
In ligquid-fueled density of approximately 20 MW/m'/atm.
£ combustion-driven Considering the extremely high prus-
omron and in fact may sure, the design of the combustor appears
v{ to increase the to be surprisingly conventional with an
v. To take advantage array of film-cooling slots and primary
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"W I sLen C=etolations when they are de- air holes around the periphery, a swirl-
':-"'. glret { v rrovent them when they are stabilized injector, and a ring of down~
g,:- ey ~ortant Lo identify  the stream dilution holes. The design exit
i Yate- controlin combustion mechanism temperature is 900°C with cooling of the
Ko SRR i oWt n r presence. Sirignano walls provided by the recirculation of
R el tharof mechanisms are vapor- the cooled combustion products. Ignition

~t heating--despite the
Nus attempts to demon-
1ano  attributes this

is by means of a plasma jet, and flame
control is provided by a photocell. The
design of the combustor was carried out
by means of a synergistic combination of
spatially constant a number of in-house and commercial codes
Sirignano's calcu- which are shown in schematic form 1in
+he Office of haval Figure 1.

; : : nelther and, 1in fact, One of the greatest uncertainties is
allw 0oy Interner clrculation and liquid the character of the spray which will be
: SRt within the fuel drop- formed by the methanol injectors at such
: a4 one-dimensional un- elevated pressures. To obtain such data
steaz, calvulativn cof the flow within a a series of tests are being planned at

L

S lig ram-jet combustor in which the University of Rouen (France). A 12-
-:.- tie for gas-phase oscillation month series of low-pressure combustion
Y e - heating and vaporization tests are planned in which wall tempera-
\ ratos ciuded. A fully coupled case ture, gas analysis, pressure drop, and
" was d in which an Eulerian ap- droplet size and population density meas-
T vroach was used for the gas phase and a urements will be made. This work is par-
L. Lagrandler. approach tor the liquid phase. tially funded by EEC.
N The iow st tne 1nlet of the combustor
'}- was ctulsed by g single-cycle sinusoidal Experimental Investigations
, cscrllatl o, i che resulting behavior Three combustion experiments were of
; e otiv rltw wis Shoorved., Unlike previous a sufficiently fundamental nature to war-
AT, : varng  the  temporal and rant reporting here. The first of the ex-
spatis oortoormition in the droplet tem- periments was carried out by D. Escudié
Peeratiiree reznzttedd Sirignanc  to  demon- at the Ecole Centrale de Lyon (France).
afrie : irest (rather than decaying) The motivation for the experiment was to
: oot : 1ot gas  velocity and obtain fundamental understanding of the
‘g Lio.et v oure oo response to this pulse, interaction between the flow f{ield and
N s ted that vapori- combustion in a simple physical confiqu-
Coo oo+ liguid-tfueled com- ration. The experiment consisted of a
Tt o v wre wechanism for com- lean, premixed, laminar hydrogen tflame
Lot s stabilized by a 0.4-mm-diameter platinum
. R ©oan aviation-type gas wire. The flame was surrounded by a
P Co ©oror the Module d'Ererge 1l14-mm-diameter Pyrex tube in which small
KEPEE A RO (MESMA), a small circular rods of 0.4-mm and 1.0-mm diam-
s Co v oarnozraphie and offshore eter could be mounted at various dis-
e, A : Lty L PL Grousset ol tances upstream of  the  {lame (vee Flg-
S S mr o ey (France). The ure 2}).
Pooseooe- o, L0 pulsion system was  de- Measurements  were  made bhotht with
Sivio . Lii. s Ao kW ousing elthter tolu- lascr Doppler anenometry (for which the
(39 Proeen omixture as  the working flow was seceded with aluminum silicate
Ela ot oo mrustor which operates on particies) and with laser tomographvy in '
e ) a pressure of 60 which the flame was visualized by the !
Lav, o oart laioar. interesting. Such smoke of burning incense. The phenomenon y
DU B v oare roguired in order to ot interest was 1interaction beoween the
ol LT e she poowser ddensity of the combus- Karman vortex street shed {rom the civcu-
J‘:. tor el Yo nerinit the CO; produced in the lar c¢ylinder and the flame. The small
-.xl
V’.-- T T - - T
.: . J
=Y 32
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Power, fuel, oxidizer, application

? ~ CRITER

Volume - 1. D, swirl, filry cooling

Taal . B A A S g S SRR B R A )

xicd tfiame tront in which the wavelength
was well defined and equal to that of the
voreex street, The amplitude of the wrin-

Cy e
MRS R

e

increases and decreases,
to the density

pos-
reductions of

to the width of the vortex street.

ther downstream, the

l
[ Criteria, state of report - - S —
[ dilution jets
i [
|
1 . L ol
X JET Dimensioas - droplct size distribution,
b Injector definition » - injection velocity evaporation ume, droplet —
| penctration
! n T B
EQUIL i - -
|~  Temperatures and equilibrium concentration _. 5. —_
in the diﬂ'erenl zones )
S B Calculauon oflempera(urc and calculanonﬁ
HOT }
Combustion kinetics in b 5 from the residence time and 88 clementary
e “ombustion kinetics in homogeneous reactions in the 4 zones
L feactors
cooL T " 'Wall (cmperaturc asa funcuon ()f radlatlon
e Thermal combustion~hamber balance ‘ ] convection, and film cooling —_—
()
IS B o
7T A — e
. Dimensioning of injection orifices Numbcr and dimension of onﬁces in thc ]
combustlon chamber, losscs, flow balquiccl 3
- - —
FLUENT ‘ j \ Preliminary calculations - flow field,
. 1.D aerothermochemical code : l i temperatures, pressurcs concentrations,
! r i \ droplets trajectories, film and dilution jet —
e \ | effectivencss
\ e —
SPECIF |
L= . Description of combustion chamber . o
Figure 1. MESMA design strategy.
-ylirder produced a laminar Karmdn vortex  the flame front, until the amplitude of
stryeetr, Tty offect was to produce a wrin- the wrinkles become approximately equal

Fur-

amplitude of the

wrinkling decreases again and eventually
disappears as the vortex street is con-

sumed by the combustion process.
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A T \ / . i by a flat stagnaticn surface on which it
Wt \ / ‘ : ‘ was assumed that adiabatic conditions
e = LY ; i existed. By varyino: the velocity protfile
AEAS { / ! X3 at the burner exit, various !{lame shapes
N { ‘ ‘ f could be produced from a classical flat
,‘ ! 1 X2 I flame to an 1inverteaed curved flame with
) _ e [ 0x1 | the center of curvat re located in the
o 't.wite  — '\:: DTy burned gases. The velocity gradient and
e L . 7 { the flame-front curvature were measured
. Calinder — 7 ' ; with LDA and laser tomography, resvec-
’~:'" LY D) tively. In both cases, the flow was
)' A . : seeded with small oil droplets. Since
ot ] 1 ! [ i i the temperature of the flame front far
Wiy : ‘ : exceeded the boiling point of the oil, it
|‘ te 2 5ms | was impossible to measure the velocity
':i. Cu 26.5%U2 J gradient at the flame front itself and
:.'v" therefore an extrapolation procedure was
.0::.0 Fioure 2. Vortex-flame 1interaction ex- worked out using an approximate flame-
8-l reriment. front evolution model. Despite this
shortcoming, it was concluded that the
" data verified the expected linear depend-
"'-f.'. The larger diameter wire, when elas- encies on curvature and velocity gradient
B ticalily mounted and allowed to vibrate in to within a few percent. Further experi-
‘&:: respolise to the aerodynamic forces by the ments are underway in which seeding by
\*-, shed vortices, again produced a laminar submicron-size solid refractory particles
-P.’ vortex street but with greater amplitude will be used to obtain an improved meas-
7 and strength. Like the previous case, a urement of the velocity gradient at
< regular wrinkling pattern appears along the flame front. In addition, stronger
AN the flame front; however, the increased amounts of curvature (both positive and
- strength of the vortex street seems to negative) will be investigated to further
[-.-> carry the flame away with it. In the explore the limits of the theory.
e third case, the larger rod was held in a The objective of the work presented
e {ixed position, and a turbulent vortex by S. Zikikout of the Ecole Centrale de
w. street was produced. Here the perturba- Paris was to examine the extinction of
tione are of larger scale than the flame- turbulent non-premixed flames by low-
-.- front thickness and both sides of the frequency self-induced oscillations. The
=Y tlame are affected by the presence of the geometry consisted of a 300-mm-long, 50-
::..-: cylinder. On the side of the flame facing m-wide, 100-mm-high glass-walled combus-
N the cylinder, the high intensity of the tion chamber fed by three pairs of pro-
o vortex street produces a sufficiently in- pane injectors (see Figure 3). Propane
& h tense shear that the flame is stretched, injectors consist of six spanwise slots !
) perhaps to the extent of local ex“:inc- mounted in pairs around which the air !
e tion. On the other side of the flame a passes into the combustion chamber from a
J regular disturbance is seen. 3.8-m-long duct upstream of the injec-
Y Another interesting fundamental ex- tors. In the experiments, the equivalence
ff.'{ periment was described by B. Deshaies ratio was varied between 0.2 and 1.2 and
o cf the Ecole Nationale Supérieure de the air flow was varied between 6 and
2 Mécanique et d'Aérotechnique (Poitiers, 24 gms per second. The instrumentation
\ France) . The objective was to confirm
® the i1nfluence of stretch and curvature on
_,.:‘) the laminar burning velocity in premixed Amwstic Dect
Ty flanes which 1s suggested by the theory /
[, ¢f Clavin and Joulin (1983). For axisym-
<X metric  flows, the theory predicts a
‘;-.: linear dependence of the nondimensional
" :~_ flame speed on the curvature of the flame
O ind on the velocity gradient in the fre;h
e mixture at the flame front. The experi-
< mental setup which was used to verify
-':{ this relationship consisted of a verti-
S cally oriented "flat flame" burner which
",r: contained a sufficient number of damping
; screens and honeycombs that an axisym-
: metric laminar flow was produced. The SRS e e
reactive  mixture consisted of a  lecan
"l'.' (U.80 equivalence ratio) air/propane mix- Figure 3. Self-induced comiust oo insta-
g ture in which the flame was stabilized bility.
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; J_Q nes located both in- in Rcouen, France, from 6 through 10 July
I he colmbustion chamber, 1987 to discuss current activities takiia
W rube  equipped with an place in turbulent reactive flows In the
[ X Tor spectral measure- US and France and to explore opportuni-
° al (C- or OH) emission ties for collaborative research betwecr
(A" ow=viztalization sys- the two countries. The meeting was joint-
. : vEis oo the acoustic ly sponsored by the US National Science
. siana.s roevedied the existence of acous- Foundation and the French Centre National
}_: Ticowoscillations at :34 and 340 Hz at de la Recherche Scientifique and was or-
N Wil O s1on studies indicated that ganized by Professor R. Borghi of the
\:_ e Siloor ot\u extinction of University of Rouen and Professor S.N.B.
i . rodt, An examinatlion of the Murthy of Purdue University. Attendance
! Lo =1ty of the acoustic was by invitation only and restricted to
L i =i that +he woscillations those people actively involved in turbu-
"’ Wiy 240 Hz and is thought lent reacting flow research in the two
: . : stabililities preduced by countries, plus ONRL-sponsored observers
o, - stween the rlamez.  The from Spain, Germany, and the UK. Forty-~
o . e lower Ireqguency is seven presentations were made during 3-
Serresponds to the low- day meeting. Most of the papers were
mbusticn  resulting distributed in advance of the meeting and
x : “tween the heat re- it is anticipated that a complete pro-~
. RTINS whe u\,"\,"\l<CiC field, ceedings will be published by Springer-
S T k cillations Verlag in thelr lecture Series <n Iz -
g . ctures can veering.
£ Y schlieren Sessions were organized on the fol-
o : lowing topics:
5
Lol Structure of turbulent flames
pilSy o Fr T T e s ntensity of the discus- Measurements

Supersonic combustion
Numerical methods.

Ui Uoom place during and atter
se:mtations, 1t was clear
© sharing information
Lnoreecearol programs in France In the following paragraphs I will con-
wan ww.o. met during this meet- centrate on the French contributions to

cewtiin g wrovided a forum in these sessions. Contributions from coun-
: la o collaborative ac- tries other than France will be specifi-

two o countries could cally noted.

% <combustion pro-

R meeting provides a Flame Structure Theory

wii . uoh research can be In a joint paper, P. Clavin (Uni-
versité de Provence, Marseille) and G.
Joulin (Université de Poitiers) described
their recent studies of the structure and

-
J

)", E Couliin, Jowrnal de propagation of wrinkled flames. Joulin
P, . (19651, 44: L1-Ll2. said that there were really two ap-
.-:./ ., b., U"EReeoosution bildimension- proaches to studying flame structure. One
% o iuat it e tranapwrt par is to study special configurations (such
T Cnoof e caractéristiques," oy as planar flames or stagnation flows) 1in
'_:N'_' L anly, 4l/81.16. which the theoretical analysis of the
® ST Goowniee 1w, "Calcula- problem is simplified by concentrating on
L c ceetso G0 - rewcting turbulent presence of only a single effect (high
:ﬂ.'_:; cerrew, ©w!es.»  avd  strain rate, for example). The other ap-
4-:-_- , sy, 1= lEL proach is to study general configurations
A (such as wrinkled flames) but to allow
o only small values of strain, curvature,
$~.:: etc. to be present with the hope of
onu carrying out the analysis by means of
"’_.""' small-perturbation methods. Their work,

in which highly corrugated flames were

P OPREACTIVE examined ‘}n order to study the effects of

B s weak strain, curvature, and heat release,
1s an example of the second approach.

By expressing the burning velocity
as a small perturbation on the laminar
flame cpeed, Joulin examined the influ-

e P e oant . Work- ence of the curvature tensor and the ve-
Feoct il Flows was held locity field and excluded various terms
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on the basis of order of magnitude esti-
mates and physical reasoning. Eventually,
he was able to express the burning rate
in terms of the laminar flame speed and
perturbations involving the local radius
of curvature of the flame front and a
rate of strain tensor value at the flame
front. Joulin insisted that care must be
exercised in allowing for local geometric
and kinematic conditions in writing the
jump relationships for wrinkled flames.
Solving for the topology of the flame
front is an extremely difficult hydro-
dynamical free-boundary problem. However,
i1t can be shown that the wave length of
the so-called Darrius-Landau instability
in laminar flames 1is selected from the
high-trequency, small-scale turbulence in
the oncoming flow and that the low-

frequency, large-scale turbulence in the
oncoming flow 1is responsible for the
intermittency of the flapping flame
front.

The matter of whether or not laminar
flamelets have a fractal dimension was
the topic of the paper by F.C. Gouldin
(Cornell University, Ithaca, New York).
The determination of fractal dimension
is rather 1like coherent structures in
that different individuals see different
things. This situation is complicated by
the fact that the experiments upon which
these determinations are based usually
consist of relatively small samples; the
situation is further complicated by the
fact that the extent of the inertial sub-
range is rather limited due to the small
Reynolds numbers which characterize these
tests. P.E. Dimotakis of the California
Institute of Technology (Pasadena) in-
sisted that the flames which he has in-
vestigated have no fractal dimension. P,
Clavin (Université de Provence, Mar-
seille) added that in calculations which
he had done of a cellular flame (by means
of a lattice gas model) he was unable to
find a fractal characterization of the
flame, either. N. Peters, Rheinisch-West-
fdlischen Technischen Hochschule Aachen
(West Germany), added that the fractal
conjecture of turbulent flames may or may
not be true; however, the concept pro-
vides a nice way of thinking about the
relationship between turbulence and lam-
inar flame speed (in terms of the fractal
area of the flame front).

Professor A, Linan (Universidad
Politecnica de Madrid, Spain) presented
his work on diffusion flame attachment.
He seems to have made some progress re-
cently in conceptualizing the mathemati-
cal character of the flame attachment
process and in unravelling some of the
mathematical dependencies within the
problem. He distributed a complete set
0of notes which summarized his current
understanding of the problem; I would be

happy to distribute them to anyou:: having
an interest in this work.

Flame Structure Experiments

D. Escudie (Ecole Centrale de Lyon)
described her study of the structure or a
laminar flame front interacting with vor-
ticies generated by an upstream rod. An
interesting new aspect of her work 1s the

investigation of the interaction <t a
single vortex (rather than a vortex
street) with a flame. As possibile means

for generating such a vortex she has boen
experimenting with a thin baffie plate
and an aspirated circular cylinder. In
the latter case the rate of acceleration
of the baffle plate provides ccntrol over
the vortex strength.

The paper by Ph. Goix (Université de
Rouen} was much in the same spirit as
that presented by Escudie. In this case,
however, the flow was turbulent and what
was of interest was not the influence on
the flame of the vorticies produced by a
single upstream rod, but rather the ef-
fect on the flame of the vorticies pro-

duced by an upstream grid. I had seen
some of this work during my visit to
Rouen in May of this year (:0°V 41-4:213-
215 [1987]). Laser Doppler anemometry

and laser tomography were used to measure
the effect of the grid-generated turbu-
lence on the mean and turbulence veloci-
ties and flame front structure o:f a lean,
V-shaped, turbulent, hydrogen-air f{lame.
The experiments were carried out for both
an unconfined flame and cases where nega-
tive pressure gradients of 40 Pa/m and
72 Pa/m were maintained. Close to the
flame holder, a strong reduction of the
velocity fluctuations is observed within
the flame, resulting from an increase in
the dissipative terms due to the tempera-
ture increase within the flame. Far down-
stream, a strong increase o¢f the axial
component of turbulence velocity is ob-
served. This effect 1is accentuated by
the mean pressure gradient and 1s nonex-
istent for the unconfined (zerc pressure
gradient) case. The pressure gradient
also has the effect of increasing the
value of the Reynolds stress.

In the spirit of turbulence/flame
interaction, but not as yet involving

combustion, was the work of J.N. Gence
(Lab oratorie de Mécanique des Fluides,
Ecole Centrale de Lyon). It concoerned the
measurement of the decay of concentration
fluctuations of a flucrescent dye in-
jected downstream of a ygrid 11 a water

channel. In a combustion context one
could think of the dye, which was in-
jected through holes driiled into the

nodes of the grid, as beina the fuel and
the water as being the oxidizer, The
decay of the concentration fluctuations

of the dye is a direct of  the

meagur e
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miNina abilliity of the flow field. Concen=-
tration measurements are much more dif-
ficult :n water than they are in air be-
Cause the smasl molecular difrfusivity of

watoer  produces dissipative scales  that
are two orders of magnitude smaller than
those rtound in arr.  The classical tech-

LU fior making such measurements 1s to
Wi ooniuctivity prebe, but in prelimi-

nary exp-riments Gence dilscovered that

ot smiasivst conductivity probe was
resolve the spatial and tem-
Gience scales which were pres-

I Uminag lagser-induced fluorescence
(LIF) Ccrrcumvented these problems. The
test zmection downstream of the grid was

luminated wilth an argorn ion laser and
> radiation absorbed by the

B) was measured by a pho-
tube masked by a 100-um-
4 hole., Simple arguments can
v used to show that the amount of radi-

ation  absorbed 1s proportional to the
locar concentration of the dye and 1s
thus a measure of the amount of mixing
whizh nas taken place. The experiments
~ere carried out in a l-m-long test sec-
ticn of a 7-7-c¢mf water channel at a ve-
locity of 0.3 m/s. The Taylor microscale
60 ¢cm downstream of the grid consisting
oL v rods arranged in a square 6-mm
me 3n found to be 120 um. The resolu-
tior o the concentration measurement<
obtained with LIF was 100 times that ob-
tained with the conductivity pulse.

Gence's future plans include re-
ducing the optical size of the probe vol-
umne (perhaps 30 pm is the practical lim-

it), to use two fluorescent dyes so that
the concentration fluctuations in both
"fuel" and "oxidizer" can be measured

simultanecusly, and eventually to use
reacting fluorescent dyes so that the
1:1tial stages o a chemically reacting
flew can be simulated.

Unperturbed flame structure was the
topic of D. Stepowski (Université de
Rouen) . He considered a turbulent hy-
drogen-ailr diffusion flame in which in-
stantaneous radial profiles of OH fluo-
rescence and Rayleigh scattering were ob-
tained. The flame had a vertical orienta-
tion ard was produced by a central jet of

nitrogen-diluted hydrogen surrounded by a
cofiowlng stream of alr. The fuel pipe
was 1 or 1 diameter and was fed with a
S50-percent  (hy volume) mixture of hydro-

LR ST

=n. The fuel jet velocity
The coflowing alr stream was

vy a 10-cm-diameter coaxial
‘ dir stream velocity was 10 m/s.
A mimuis energy equation was used to cal-
culate s e maximum heat release using the
prrak benpeerature second derivative of the
terperature profile {(obtained from  the
Par ! cattering measurements) . The

i vezult of the experiments was

that temperatures far below the limits
given for the maintenance of a steady
diffusion flame under maximum strain con-
ditions were measured. These low temper-
atures were attributed tc intermittent
extinctions due to turbulent stretching.

T.A. Baritaud of the Institut Fran-
cais du Pétrole (Rueil~Malmaison) inves-
tigated the structure of the flame pro-
duced in an experimental engine running
with a lean propane-air mixture. The
engine was a single-cylinder production
engine with a compression ratio of 6 and
an 86~-mm bore. Optical access for the
schlieren flow visualization was provided
both horizontally through windows pro-~
vided in the side of the c¢ylinder and
vertically by means of a transparent pis-
ton and mirrored cylinder head. From the
surface of the flame front obtained from
the schlieren photos an equivalent burnt
kernel radius was obtained; and, since a
measure of time was provided by the rota-
tional speed of the engine, the evolution
of this burnt kernel radius as a function
of time could be obtained. What was found
was that the flame front was always tur-
bulent and that the flame speed (the
slope of the burnt kernel radius-time
curve) increased with increasing engine
speed. This contrasts with previous con-
jectures in which it was postulated that
the flame propagated laminarly and inde-
pendent of engine speed. It was found
that as the engine speed was increased
the higher turbulence levels produced an
increased amount of wrinkling and the
minimum size of the wrinkles decreased.
An interesting feature of the experiments
is that with increasing kernel radius the
flame velocity first decreases and then
increases again. This phenomena is not
completely understood. Baritaud hoped
that his data will lead to improved com-
bustion models for spark-ignition en-
gines. Such models he emphasized must
account for the flame ignition, propaga-
tion, and wall-dominated combustion re-
gimes. It turns out the wall-dominated
combustion regime (where the flame front
is less than 1 cm from the cylinder
walls}) accounts for more than 65 percent
of the combustion process.

The paper by E. Esposito (Ecole Cen-
trale de Paris) was the last presentation
on this topic. It concerned an exhaustive
set of experiments conducted to study
premixed combustion instability mecha-
nisms present in a multiflame, bluff-
body~-stabilized, rectangular combustor.
Of particular interest was the obtaining
of an understanding of the coupling be-
tween the combustor acoustics and the
combustion process. The fuel used was
propane, which was admitted to the
100~100 mm?, 200-mm~-long combustor past
six backward-~facing steps which served as
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Figure 1. Combustor for investigating
instability mechanisms.

flame stabilizers. Figure 1 is a schemat-
ic representation of the combustor test-
ed. The instrumentation consisted of a
spark schlieren apparatus, a C,-emission
system for measuring the instantaneous
local heat release, and a microphone,
which provided a reference signal for
phase-average imaging. Both self-excited
and externally excited instability mech-
anisms were investigated.

In the first series of tests, phase-
averaged digitized images of the local
heat release patterns in the duct were
compared with the simultaneous schlieren
visualizations and the pressure signals
returned by the upstream microphone to
investigate the structure of self-excited
combustion instability and the nature of
the feedback mechanism. The instability
mode of interest was the principal longi-
tudinal acoustic mode of the combustor
and corresponded to a frequency of
530 Hz. In the results presented in Espo-
sito's paper this condition was reached
at an inlet jet velocity of 40 m/s and an
equivalence ratio of 0.92. The schlieren
photographs revealed large vortical
structures which were shed at the flame
holders in response to pressure waves re-
ceived from a region of intense combus-
tion located approximately 10 jet-widths
downstream. This vortex proceeded down-
stream along the jet, growing in magni-
tude and eventually terminating in a
mushroom-shaped cap. As adjacent caps
merged and left the combustor they left
behind them a region of high turbulence
intensity in which intense combustion
took place, resulting in a pressure pulse
which propagated upstream and provoked
the vortex shedding at the flame holders,
thus reinitiating the process just de-
scribed and completing the feedback mech-
anism. A subsequent examination of the

microphone signals revealed that the
pressure pulses were in quadrature with
the global heat release which, according
to Rayleigh's criterion, is a requirement
for self-sustained acoustic oscillations.
In the tests in which external
acoustic excitation was used, the driver
was adjusted to the frequency of the hy-
drodynamic mode of the jets. This pro-
duced a strong low-frequency, silnuous
flapping of the jet accompanied by small
vorticies generated at the excitation
frequency. The low-frequency-induced
flapping motion of the jets made it im-
possible to use the phase-average imaging
method used in the previous test since
the flapping is the result of the super-
position of many different modes. In-
stead, Esposito used a spectral proc-
essing technique from which frequency-
filtered maps of the local intensity gra-
dient and 1local instantaneous heat re-
lease fields were obtained. Simultaneous
measurements of combustion intensity and
local density gradients were made by C,
emission and the deviation of a laser
beam (see Figure 2). The data appeared
to be relatively new, and little inter-
pretation of the results was reported.

Supersonic Combustion

The National Aerospace Plane (NASP)
and the HERMES projects have rekindled
interest, both in the US and in Europe,
in the problems of hypersonic flight. 1In
contrast to the AGARD hypersonics meeting
(ESN 41-8:430-437 [1987]) which concerned
itself, primarily, with the external
aerodynamics of hypersonic vehicles, this
session was concerned with the propulsion
aspects. In an air-breathing vehicle,
such as the NASP, it is generally ac-
cepted that combustion processes will
have to be carried out at supersonic ve-
locities with respect to the vehicle.

OPTICAL ARRANGEMENT FOR SPECTRAL MAPS
SIMULTANEDUS MEASUREMENTS OF C2.RADICAL
EMISSION AND LASER DEVIATION

QUARTZ ¥INDOV
PHOTOMULTIPL JER
PINHOLE

HIRROR

POSITION
SENSOR

HORIZONTAL DISPLACEMENT

Figure 2. Simultaneous combustion inten-
sity and density gradient measurements.
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0 Figure 3., Wall injection into a supersonic free stream.
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Professor J. Swithenbank (University of little prospect of a supersonic combus-
' ,\i Sheffield, UK), in a paper which re- tion research revival in France. His
‘:i‘ viewed various aspects of hypersonic air- presentation was, therefore, very much in
o breathing engine design, pointed out that the form of an historical review, indi-
a9 high engine performance and good combus- cating in particular what sort of fuel
3 tion efficiency can be conflicting re- injection and flame stabilization tech-
) quirements. This is because high combus- niques had been investigated at ONERA in
tion efficiency requires good mixing, the 1960's and early 1970's. For addi-
3 which requires high turbulence, which re- tional information about French super-
- duces the kinetic energy of the flow, sonic combustion activities during this
L which reduces the engine performance. period see ESN 41-1:15-20 [1987].
ju: Practical methods for producing the re- Barrier pointed out that, in gen-
,oe quired amount of turbulence often serve eral, those injector designs which offer
Py the dual role of providing flame stabili- the smallest loss are those which present
zation, It is important that the losses the greatest problems in terms of con-
 fad associated with the operation of such trolling the levels of wall heat transfer
o devices be minimized. Swithenbank, whose and achieving the necessary degree of
ey experience in this field goes back to the flame stabilization. In addition to
X sj mid-1960's, feels that the double comb Swithenbank's comb injector, he mentioned
A5 injector has much to offer in this con- wall injection (see Figure 3), wall in-
{N’ nection and has proposed to the AFOSR a jection with steps, strut injection, and

)

)

Jd‘ bustor design. It appears that he intends adena) presented a new concept for pro-
s to use his new multipoint laser anemome- ducing enhanced mixing of a fuel jet in a
:r' try technique (fc¥ 40-5:165-169 {1986]) supersonic airstream. It involves passing
" to provide flow diagnostics in connection the fuel Jjet (gaseous hydrogen, for ex-

"
®

e

refurbishment of his Mach 3.5 combustion-
driven hypersonic shock tunnel to verify
this and other aspects of supersonic com-

with these tests. He also suggested that
the FLUENT code to which he has recently
contributed swirling flow models, could
(with modification) be profitably used to
provide numerical simulations of such
flows.

Further discussion of means for
achieving flame stabilization in a super-
sonic flow was provided by M. Barrere
of the Office National d'Etudes et de Re-
cherches Aérospatiales (ONERA), Paris.
Barrere was in charge of ONERA's super-
sonic ramjet (scramjet] program until
lack of funding brought it to a halt in
1974. The proposed first and second gen-
eration European earth orbiter projects
(HERMES and Sdnger) employ rocket propul-
sion systems and thus, Barrier said, un-
like the situation 1in the US there is

subsonic pilot~flame stabilization.
The paper by Professor F.E. Marble
(California Institute of Technology, Pas-

ample) through an oblique shock set up
by, say, a skewed wedge placed along the
bottom wall of the combustion chamber.
An axially injected fuel jet in passin,
through the shock wave would have induced
within it regions of intense vorticity
due to the interaction between the den-
sity difference between the fuel jet and
the air stream and the pressure field set
up by the shock wave in accordance with
the (Bjerknes theorem). Experiments have
already been conducted to demonstrate the
intense mixing which can be produced from
this effect, and additional experiments
have been proposed (with AFOSR support)
in which the degree of molecular mixing
will be measured by means of biacetal
fluorescent dye. The second phase of the
experiments will be concerned with the
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details of combustion within the vortical
regions produced by the new mixing
scheme. These will be carried out in an
unsteady combustion facility in which the
vorticies will be produced at the lip of
a downstream-facing step by acoustic ex-
citation. In addition, it 1is proposed
to continue the effort to obtain a numer-
ical simulation of the shock-wave/fuel-
jet interaction phenomena with a flux-
corrected transport (FCT) code originally
developed at the Naval Research Labora-
tory.

Numerical Methods

A wide variety of methods for com-
puting turbulent reacting flows was pre-
sented at the meeting. Unlike theoretical
and experimental areas where the French
and US efforts appeared to be of roughly
equivalent level and sophistication, 1in
the computational area, particularly in
the use of full Navier-Stokes calcula-
tions for simulating reacting flows,
there seems to be evidence of consider-
ably more activity in the US than 1in
France. Typical of the US efforts in this
area were the presentations by J.J. Ryley
(University of Washington, Seattle) and
J.C. Hill (Iowa State University, Ames).

Ryley's calculations concerned the
effects of heat release and large-scale
turbulence structures in a chemically re-
acting mixing layer using direct numeri-
cal simulation. Figure 4 is an example of
the results obtained where the vortical
structures and the mixing layer have been
visualized by computed iso-vorticity con-
tours. Figure 4a shows the topology of
the spanwise vorticity component without
combustion and Figure 4b, the same struc-
ture with combustion. The effect of the
heat release is clearly to increase the
scale of the vortex and to regularize its
structure. Accompanying this regulariza-
tion is a loss of fine-scale structure
and an increase in the overall effective
mixing length. This reduces the extent
of the chemical reaction (decreases the
amount of product formed), and decreases
the rate of mixing layer growth. By ex-
amining the magnitude of terms involved
in the Favre-averaged transport equation
for turbulent kinetic energy, Ryley con-
cluded that the reductions in the mixing
layer growth and amount of product formed
could be explained by the effect which
combustion has on the thermal expansion
and baroclinic torque terms and through
these terms on the dynamics of the vor-
ticies in the mixing layer.

The direct numerical simulations by
J.C. Hill served a different purpose,
namely to examine the accuracy of various
simple, single-point closure theories for
the modeling of irreversible, second-
order chemical reactions of initially un-
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Figure 4. Spanwise vorticity components
in mixing layer at a Reynolds number of
500.

mixed reactants. For this purpose a chem-
ical reaction was simulated in a homoge-
neous turbulent field using a pseudo-
spectral calculation, and the results
were compared with the predictions ob-
tained from the closure theories for such
guantities as reactant concentration and
the evolution of average scalar-fluctua-
tion dissipation.

As previously mentioned, the French
contributions to the calculation of tur-
bulent reacting flows were of a far less

computationally intensive nature than
those of the US. The presentations fea-
tured the use of flamelet (coherent

flame) models in conjunction with conven-
tional flow field modeling techniques,
the use of cellular automata (lattice
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gas) simulations, and the application of
state-of-the-art turbulence and combus-
tion models to calculate the flow fields
in gas turbine combustors and industrial
burners. An example was the work of N.
Darabiha (Ecole Centrale de Paris), who
calculated the flow in a V-gutter-
stabilized ramjet combustor by means of
the coherent rlamelet model and the k-¢
turbulence model. He found that his cal-
culation of the spatiai distributions of
tuel consumption rate and temperature
agreed in a qualitative way with the ex-
perimental spatial distributions of C,;
emission and that the proper qualitative
behavior of the flow field in response to
changes in the equivalence ratio were
also properly simulated. Although no
quantitative comparison with the experi-
ments was presented, Darabiha concluded
that a reasonable correspondence between
the computed and measured flow fields had
been produced and that the foundation had
been laid upon which to build further
studies of the effect of various model
refinements and improvements.

R. Borghi (Université de Rouen) re-
viewed various methods for turbulent re-
action rate modeling beginning with the
venerable eddy-breakup model and ending
with his recently developed interaction
with the mean (IEM) model. He went on to
describe his recent work on simulating
turbulent reacting flows with the lattice
gas model. By considering separate steps
in which the turbulence was simulated by
a random walk process, followed by a par-
ticle 1nteraction step, and finally a
flame propagation step, Borghi was able
to compute a mean reaction rate and to
examine the influence of various time
scales on the combustion process. In
particular, he was able to determine a
functional relationship for the ratio of
the time scale of the progress variable
to the turbhulent time scale which de-
pended upon the ratio c¢f the turbulence
fluctuations toc the laminar flame speed.
Obviously, such relationships are of
great value and interest; however, every-
thing hinges on the appropriateness of
the lattice gas model for the actual com-
bustion process. Much needs to be done
to confirm the adequacy of such modeling,
and Borghi is currently in the process of
introducing a spatial-velocity correla-
tiorn to improve the turbulence simulation
employed 1n his calculations.

Examples of the application of more

D

or less convaerntional turbulence and com-
bustic: modeiing to i1ndustrial flows were
provie vy M. Dessaulty (SNECMA) and M,
Simonin cf Electricité de France. Des-—

saulty's calculatiors involved the pre-
diction of the flow fleld in a dwnp com-
bustcr, « dome-type gas turbine combus-
tor, and arn airterburner using the k-«

turbulence model and both finite volume
and finite element methods. The appli-
cation of these codes is the design of
practical gas turbine combustors. Ex-
tensive verification of these codes has
been made with laser Doppler anemometry
(LDA) and coherent anti-Stokes Raman
spectroscopy (CARS).

A far more complicated situation
from a phenomenological point of view was
considered by Simonin, who reported on
his calculations involving the numerical
modeling of the devolatilization of pul-
verized coal injected inside a hot co-
flowing airstream. The calculations were
spatially two-dimensional and contained
separate conservation equations for both
the particulate (coal particie) and con-
tinuous (air) phases including interface
heat transfer terms and the effect of
turbulence by means of a g2-¢ turbulence
model. In order to investigate the in-
fluence of particle size and temperature
of the co-flowing air stream on the
global rate of devolatilization, addi-
tional models were needed for the pyroly-
sis of the coal particles and the combus-
tion of volatile matter. The intention
of the calculations was to model the flow
found in the burners of large powerplant
furnaces. It is not surprisingly that
the empiricism contained in such models
produced calculations which were at best
only qualitatively satisfactory. In fact,
no concerted attempt was made to produce
truly predictive calculations at this
stage. Instead, the emphasis was on pro-
viding an understanding of the interrela-
tionships between the various mechanisms
involved in this very complex combustion
process, on setting the stage for further
refinements in the modeling, and on
eventual validation with experimental
data.

Cornclusions

Spirited discussion followed the
presentations by virtually every speaker,
and there were numerous conversations
taking place between the French and US
participants throughout the meeting. Thus
there was evidence that the meeting pro-
vided an effective stimulant to the col-
laborative activities already existing
between the two countries, The attain-
ment of the objective of the meeting,
namely to encourage the submission of
collaborative proposals for joint French/
US research in turbulent reacting flows,
remains, of coursc, to be seen.
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RESEARCH AT THE UNIVER-

vl omechanics research at the Uni-
22 Naples 1s found in the Insti-
Guay Dyramics, the Department of
Engineering for Energetics,

stitute of Aerodynamics. The

of Naples 1s an ancient insti-

jicxng trom the early 13th cen-
ani 1ts  Faculty of Engineering,

i 1316, 1s the oldest in Italy.
, "Uv students (15,000 in engineer-

Lise the university, after the Uni-

Rome, the second largest uni-
Scutrern Iltaly.
‘ral 07 the raculty members with
< nad close connections with
: er having received their
Trom U3 institutions or frequent-
.4 wtne US for various lengths of
e purpose of carrying out col-
research projects. The inter-
ro21ons of the faculty were
nened by availability of
tnrough an IBM network
centers in the US.
ck by the diversity of
pvroblems being worked on
i1ty During the course of
1t, I discussed fluid mechan-
. rarging from hemofiltration
i< .t predicting automobile drag
i is for avoiding fouling in
vzat exchangers to the con-
rerties of various formula-
rree Navier-Stokes equations.
~, ~pave limitations will enable
-+ .rt in depth on only a few of
: In most cases 1 was given
topics that I discuss here
« speclal lnterest in any-
piease let me know and
vou copies of the relevant

Structure
+d te be a major upheaval
c4anization of the Faculty of
at Naples. A recent Italian
1vern te the newly-formed engi-
~partments considerably more
normy than to the older engi-
titutes. This means that the
+ department can, by signature,
expenditures  which, for the
iiture would reguire the di-
T an institute to journey 6 miles
frantic anc often grid-locked

Tonan traffic., Some sort of reform

. e desperately needed with

cre oL solentific equipment placing

wr+ surcharge on all equipment
o wovier to compensate  for the

considerable delays that they were likely
to encounter in dealing with the insti-
tutes. The streamlined fiscal operation
of the newly formed departments has been
a powerful incentive for faculty to leave
the traditional institutes. Severul fac-
ulty members with whom I spoke regarded
this change as being very beneficial.
Not only can the newly formed engineering
departments exercise more 1local control
over their financial resources, but, more
importantly, the faculty making up the
new departments have grouped together
because of common interests rather than
because of the availability of a chair in
one institute or another. Consequently
there is a much greater opportunity for
professional dialog in the new depart-
ments and the intellectual isolation of
some faculty members has been re-
moved.

Due to a recent change in Italian
law which provides financial incentives
to university faculty who attract indus-
trial support and also due to a new pro-
gram by the Italian National Science
Foundation (CNR) to encourage industrial
support of university research, such sup-
port is beginning to increase. Several
aggressive young faculty members with
whom I spoke had small contracts with
organizations such as AERITALIA, Pina-
farina, and the Italian Electric Gen-
erating Board.

Institute of Gas Dynamics

Due to the departure (to the newly
formed Department of Mechanical Engineer-
ing for Energetics) of several faculty
members having interests in experimental
methods, much of the fluid mechanics ac-
tivities of the Institute of Gas Dynamics
is of a theoretical nature. In particu-
lar, analytical methods are being ex-
plored to study mass transfer problems
associated with reactive and nonreactive
ultrafiltration processes, slip flows in
ducts, and the behavior of unsteady jets
at low Reynolds numbers. Of somewhat more
general interest are numerical implemen-
tations of various conformal mapping
methods for simply- and multiply-con-
nected domains having application to the
development of body-fitted mesh genera-
tion techniques.

Recently, Luchini (Luchini, 1987)
has developed a numerical solution of the
vorticity transport formulation of the
Navier-Stokes equations which wuses an
interesting mesh refinement procedure
consisting of a self-adaptive method that
dynamically modifies the distribution of
mesh points during the calculation. The
basis of the procedure is a mesh manage-
ment algorithm which adds or deletes sin-
gle points from the mesh in such a manner
that each point is always the center of a
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symmetrical cross formed with four other
points.

Figure 1 shows the result of using
Luchini's method for the problem of nat-
ural convection in a corner where the
flow is generated by the buoyant boundary
layer formed on a heated vertical flat
plate located along the right hand side
of the figure. The addition-deletion
process is automatically performed under
the control of a routine which determines
whether or not the size of each cross is
adequate on the basis of the magnitude of
the second derivatives of the unknowns.
Comparisons of the calculations with
analytical solutions and other numerical
results for this problem--as well as cal-
culations of free convection in a closed
cavity and Heimenz-flow--were carried
out; they show that the method is capable
of calculating the wall shear stress to
within approximately 1 percent. No ex-
perimental comparisons were shown. The
method has the advantages that the reso-
lution of the calculations is much im-
proved over that which can be obtained
with uniform grid procedures. In addi-
tion, Luchini claimed that the procedure
is easier to program and faster than the
competing finite element methods, al-
though no quantitative comparison was
provided.

Interesting work on the solution of
the Navier-Stokes equations is being done
by Professor F. Grasso. Grasso obtained
his Ph.D. from Princeton University, New
Jersey, and is a frequent visitor there,
collaborating with several members, in-
cluding Professor A. Jameson, of the fac-
ulty of Princeton's Department of Mechan-
ical and Aerospace Engineering. Grasso's
main interests are in the numerical mod-

eling of two-phase flows and in the
transonic and hypersonic computational
aerodynamics. The two-phase modeling is

being done in conjunction with Professor
F. Bracco at Princeton and Dr. V. Magi at
the University of Bari. Together they
have developed a model for the combustion
process in a diesel engine and more re-
cently a rotary engine, which includes a
stochastic model of the fuel spray, a ge-
neric model of the combustion process,
and the solution of the compressible
Navier-Stokes equations employing a cou-
pled treatment of the liquid and gas
phases.

Grasso's more conventional CFD ac-
tivities have included the development,
in collaboration with Jameson, of a mul-
tigrid method for the Navier-Stokes equa-
tions which has been applied to both
transonic and supersonic and laminar and
turbulent, two-dimensional flows (Mar-
tinelli, et al., 1986). He has also been
involved in the development of a grid em-~
bedding procedure which he has applied to
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Figure 1. Mesh refinement results for a
natural convection problem.

Navier-Stokes calculations in a double-
throat nozzle. Rather than divide gquagd-
rilateral cells into smaller trianglar
ones like Luchini, Grasso divides his
quadrilaterals into smaller quadrilater-
als and uses an interesting implementa-
tion of multigrid strategy to couple the
solutions in the original and the em-
bedded zones. In zones where the em-
bedding criterion (based on the cumula-
tive distribution function of pressure
gradiant) 1is exceeded, finer cells are
generated by halving the mesh in both
coordinate directions. Time-stepping is
performed separately on the solution vec-
tor on each grid so that different algo-
rithms can be used in different regions
depending on the accuracy required. A
conservative technique is used to couple
the grids at the interfaces. The results
showed some oscillations on the fine grid
due to the interface treatment, and, as
the Reynolds number was increased (to
6400), the oscillations became more evi-
dent. Grasso is carrying out supersonic
turbulent boundary layer calculations in
support of the European HERMES project
and 1is currently involved in replacing
the Baldwin Lomax algebraic turbulence
model with the k-¢ model.

Professors C. Meola and G. Carlo-
magno have recently left the Institute
for Gas Dynamics and joined the Depart-
ment of Mechanical Engineering for Ener-

getics. Professor Meola's interest is
in the mathematical properties of the
Navier-Stokes equations, particularly

their convergence properties and optimal
methods for their solution. In this lat-
ter connection he has developed a inter-
esting vector potential/vorticity solu-
tion for the problem nf the flow produced
by a rotating submerged disk located at
one end of an open tank. The calculations
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have somewhat limited resolution since
thoy were Jdone on an HP 1000 minicompu-
ter. Altnhough these calculations are
raminar (and at the moment somewhat pro-

Lar
visional) they may eventually be of some
value 1n understanding the surface waves
rroduced by propellers. I plan to stay in
contact with this work, and Meola prom~
ised to send me hils paper once this work

14
o

interests,
e ot other faculty members I
argely experimental. His work
zing amount of diversity. He
‘d a schlieren interferometer
ass diffusion measurements in
wunal Jets, methods for deter-
1l cenvective heat transfer co-
ts by means of infrared thermo-
a.i, 1in collaboration with the
v Research Center, a method
ming  low-density, aerothermo-
d1es by a tethered satellite

Carlomagno's

is mass diffusion studies,
~ used a wollaston prism inter-
wnich, although having the ad-
»: being relatively cheap, in-
to vibration, and easy to set

¢4 1on process 1in order to deter-
- va.ues of the density. To avoid
u { carrying out this process,
~as develouped an optoelectron-
: e using a linear array of
, sillicon photodiodes and
~wntrolled stepping motor to
(Carlomagno and

r determining local
ients are related to
He hopes to use the
o in conjunction with
:nning (IR)  radiometry for
. neat transfer measurements
t.ate under an implnging jet to
Les luCe heating conditions on
(Carlomagno and de

.7, the Tethered Satellite Sys~-
n1ob he and NASA Langley are
intended to collect drag,
=Kl temperature, and atmos-
¢ siti1on measurements by towing
Lail on a 100-km cable be-
Shuttile. In this way it 1is
i the atmosphere as a wind

; ~t 1nformation on gas sur-
ractions at a wide variety of
teeyrnolds numbers (Carlomagno

crodynamics

he  Institute of Gas Dy-

nstitute of Aerodynamics,

neaded by Professcr Napolitano, appears
O At the present time

Napolitano and many members of his staff
are involved in the planning of the new
Italian Center for Aerospace Research
called CIRA (Centro Italiano di Ricerche
Aerospaziali), of which Napolitano is the
Scientific Committee Chairman.

This center, for which planning was
begqun in 1984, will be funded by a com-
bination of mcney from Italian aerospace
industries and federal money from funds
earmarked for the industrial development
of southern Italy. The center will be a
major undertaking, involving the con-~
struction of a new large-scale wind
tunnel, the development of a supercom-
puter center for aerodynamic simulations,
and an information center with nodes
to major aerospace data bases and docu-
ment acquisition and retrieval facil-
ities,

A large low-speed wind tunnel will
be the Center's principal experimental
facility. The current design 1is for
a 4.5x3.5-m? test section, pressurized
(4 to 6 bar), with speeds from 80 to
140 m/s, and a maximum Reynolds number
per metre of 7.3x10%. This will give it
characteristics similar to the Fl1 wind
tunnel of the Office National d'Etudes et
de Recherches Aérospatiales (ONERA) at
its Le Fauga-Mauzac Center. 1In addition,
a 1x1-m? cryogenic wind tunnel is planned
which will complement the new European
transonic wind tunnel (ETW). The head-
quarters will be located at Kapua, which
is approximately 10 miles north of
Naples. Projected number of employees at
the center is 600. The Italian aerospace
industry has already pledged $250 million
of combined federal and industrial fund-
ing. The plan is to commission the low-
speed wind tunnel in 1992,

Many of Napolitano's former faculty
are now involved in the planning of
CIRA's computer center, which will be
used for aerodynamic simulations and also
to perform expert system (ES) analysis of
the results. Napolitano envisages that ES
analysis will provide a critical evalua-
tion of the simulations by comparing them
Wwith experimental data. He made the point
that the real bottleneck these days in
assessing the validity of either experi-
ment or simulation is that a human being
must sit down with the experimental data
on one hand and the calculations on the
other and try to make a critical evalua-
tion of their respective shortcomings,
and it is here that he expects ES to play
an important role. To prepare for the
eventual implementation of such a system,
expertise 1is being developed at CILRA in
the areas of grid generation, parallel
and vector processing languages, and--
most lmportantly--expert systems,

The faculty menbers who have re-
mained with Napolitanc at the 1lnstitute
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-:‘-: on  miCrogravity Martinelli, L., A. Jameson and F. Grasso,
ot these activities "A Multigrid Method for the Navier-
¥ nized  a Micrograv- Stokes Eguations,” Alnd-rr-g!l e,

I8 Research, and Sup-~ (1986) .

M This $5-million fa-

- critting trom the

oy ustrial development

* o to finance CIRA,

[} examnlning  tiuad

mlorogravity,  1n-

Licrogravity work, FLUID MECHANICS AND COMBUSTION RESEARCH

¢} r activities of his AT THE POLYTECHNIC UNIVERSITY OF MADRID
‘!.} v 01 , 1s a reflec- AND THE UNIVERSITY OF ZARAGOZA

T tesearch philosophy.

-\:I 45 a scilentist and as bBu Fugewe F. Erouw.

"'::.' = ~te:r 1s that the only

,-,_j u survive 1s to be at the

A a4 : 2t osclentific develop- Polytechnic University of Madrid

’ : c~. than net, this means The Polytechnic University of Madrid
. Lwowiliing to change the prob- 1s located in Ciudad Universitaria, ap-
‘ T WOl K1Tdoonoas sclentific and proximately 3 miles northwest of the city
Ly colLvities change., O+*herwise, center in a beautiful parklike setting.

g e T, v reloaxate vourselr and your If offers programs 1in the traditional
'5-: InwtLt toowt v g 1noan intellectual engineering areas along with computer
A0 Bacsw wo science, architecture, and forestry. The
) current enrollment is 35,000.

o My visit was to the School of Aero-
v Conor s nautical Engineering, in particular, to
"-.'. TR W irievy o of fiuld mechanics the Department of Fluid Mechanics, which
. roede o, s Reiro ndertaken at the Uni- i1s headed by Professor Amable Lifhan, my
;-.': e :nowuding both  the host during my visit. The school has an
T Tur e R WOYK., Although enroliment of 150C and in addition to
4 . crimarily  theoret- tluid mechanics consists of departments
: . il 1n nature, 1n- ot laser physics, propulsion, and hydro-
e tess ntation development dynamice, to name a few. It was founded
KN o % the new Depart- in the 1950's and is the only school of
o Tl REESENIR .+, hrnuineering for Ener- aeronautical engineering in Spain.

- et .4+ links with the new Ital- The Department of Fluid Mechanics
N v ©- v i : L ienace Research (CIRA) consists of six professors and a similar
._-:{- . S s strong  incentive number ot graduate students pursuing re-
Odie : : St ov-lopment  of  aero- search in the areas of laminar/turbulent
J : : R at the univer- transition, combustion, hydrodynamic sta-
AN bility, biological fluid mechanics, dig-
,:.f' ital image processing, and computer
3. graphics. Each year the department grad-
,-{_1 B uates approximately 120 students from its
ey ! LML MiHeat Fluxes Evaluation nominally 6-year program.

Il’& v © itooore i Thermography,” The Department of Fluid Mechanics
° I T S has excellent connections with the Cali-
= sl iu e fornia Institute of Technology (Cal Tech)
,‘_.r:'. Trivste, as a result of Theodore von Karman's
e . visits to Spain in the late 1940's and
\::x' 111, and von Kdrmdn's subsequent research collab-
S ) el Hatel- orations in the field of combustion with
o Aerot ey - various taculty members in the Polytech-
ry.ay cateae nic University's School of Aeronautics.
O T . For more than 30 years there has been a
C i a™ constant stream of students leaving Ma-

o
Fd

o Wollanton Prooss drid to obtailn their Ph.D.'s in the US,
_,-‘.i-\. ol with oo not only at Cal Tech, but at the Carnegie
J."-,,._\ . , Mellon  Unilversity, the University of
" :4'_: Southern California, the University of
Y ., e Men it Talitornia at Berkeley, the Massachusetts
Rl AR £ S Institute of Technology, Yale University,
- atd Stantford University. Many former stu-
oA ey dents bave remaired in the US to become
I

_A:'}:" — - - i i
o

P 1

s 3

<

parta

A A AT
" M

Y




7, $'

. - e —— - —— e ————— e —
- o o ESNIB 87-02 o e
G

Y , _ . ‘ o _ ] . ‘

4 Lo it trnesce lnhistltutions. structure Of the combustion wict oceurs
Batn . Cose Lndividuals and  through at the boundary of ditfusion !iames; and
: : ' sareh projects involving describing the process ot loame rropaga-
n:f.n. : . e ©oviee soreentifilc start, the tion in laminar mixing laye? i at b

o M tos has excel- lieves that what 1s necdea in

. witlho ot U2 riuid mechanices connection, particularly as
M > Lot problem of flame blow-off, 1-
Y . Sroeew Ot uepartmental re- deck approach in which boundas

~ “luie the Spanlsh Na- modeling of the outer  fuel

" nat (CICYT) and the streams 1s combined with = "
" . ror Scientific tic Nav1ux-:-tokos. caleulatio
Wy ron, The latter burner tip.
\ P nish collabora- Prorfessor Jimenez's intores!: ale 1inp

" wit :\r:r;y provided by the the area of computational :riuild dynamics
iy t presence of US and digital image processing, He abtiined
iy =t There 1s aiso a his Ph.D. from Cal Tech in 14731 and re-
-':: 2 istrial  funding turned for a sabbatical vyear there an
e - ' . nt, principally 1981~-82, during which he bm‘u. ar invor-
e . N f'autlca, S.A., esting study on the invise: Atabi.oaty

' dvruspace group which of the planar Kdrman vortesx o*roct  on

. in  the European collaboration with Professor T. fhan,
’_' vr Arrcraft (EFA), In Jiménez (1987a) he shiowed <hav ot le
" A5 o1n Italy, in- isolated stability characteristivce of
i : university research the Karmdn vortex strect 1o
:.' : ' oW, and although property of ugny two-dimensiorn.
-, : : e =trong interest on viscid array of vo-tices ti
O, o Lwornsor, for example, the to-fore symmetry and 1@ not
: neonrs wing codes, CASA of the point vartex B
5 oo tein: a4 dependable source of Kdrmdn's original stability ..
M : The department's re- Jiménez has also made
N . BM and, 1n particular, contribution to the study ot
-,-'_ . UM s ae st lJenter in Madrid, is (laminar/turbulent) Polgeull! N
o "+« .. wrtublished.  IBM current- his recent calculations ! !
" v . vereent of one faculty (Jiménez, 1988b). Although tne urszting
v S toove, Professor  J. Jiménez, phenomenon has been known to Lerotar
L - : crveerestn are  1n digital  image many vears, Jiménez stated thn.t s was
's;! : : o, v graphics, and par- the first time 1t was obscrved 10 o -
B The computational and  putation. Jiménez's calculaticrs make
u implications of Profes- use of a spectral code 1n whio: 10 ov-
" to IBM's product line fects of nonlinear wave uwvropagation are
Y e, »i1ch clearly accounts for included. He showed that Polseuiio tlow
4 -~ I wnis arrandgement and ac- undergoes a 2-D bifurcation - he
. +-.. f:r IBM's donation of a "upper" branch of the basiz o
f. I ithage processing eqguipment traveling shear wave train, 1-to o 117t
N Coarmment cycle that later may unaciu Tarther
:. : eos:or faran's interests are in evolution into more disorder.-i  otat.ooas,
s : Toortustion, to which he has The nature of this cycliv 1s 30 instalrl-
i © reant theoretical contribu- ity of the wvorticity ‘“spcts" oin the
¥ .o ran1 owith his work in  the boundary layer, follcocwed Ly Tooresnion”
) : ;vooryoete conbustion and mixing of vorticity into the core . .
: v U3 nrr Force Office of continued his work in thias o 2
oz ore than 20 vyears ford University this past . - .
L 'S Collabecrators are nection with the NASA-Am.. n Y
Lo : of Princeton Uni- the numerical simuiatic: st ;
oo wr 2.A. Libby of the Uni- flows. o
X ... rria, San Diego, and, 1in Jiménez's interest i tord - »
b, : s oo 0 ¢, Clavin of the Uni- ing began with hi= work on oo : RS
s (Marsellle, France), eling of ccherent tru Tl I
e NS ovne University of Poi- araduate <ctudent ot ol Tl Mot -
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Figure 1. Schematic of a three-dimen-
sional construction of a turbulent mixing
layer.

taken at a fixed downstream location as
the structures evolve in time, Jiménez
constructed a 3-D representation of the
mixing layer by converting the third di-
mension, time, into space by wusing a
fixed convection velocity equal to the
average between the two free-stream
speeds. Figure 1 is a schematic repre-
sentation of the construction process.
This work was partially funded by the
Office of Naval Research.

Jiménez has also recently completed
the calculation of Stokes flow in a ther-
mally driven cavity (simulatiag the geo-
thermal flow of magma beneath the earth's
mantle} and the development of numerical
methods for the modeling of sprays. This
latter work 1is being done in collabora-
tion with the University of Southern Cal-
itornia with funding supplied by the US-
Spain Committee for Scientific and Tech-
nological Cooperation. Although his mod-
eling of this problem has been more or
less conventional up to this point, he
hopes to develop a two-phase lattice gas
simulation for this problem.

In connection with his CFD-related
activities, Jiménez's relationship with
IBM has proven to be particularly valu-
able since it has given him access to the
company's extensive networking services
and thus provided him not only with in-
stantaneous online contact with his col-
laborators in the US, but also virtually
unlimited access to the IBM 3090 at the
Spanish Atomic Energy Commission.

University of Zaragoza

Fluid mechanics activities at the
University of Zaragoza are found in the
Department of Fluid Mechanics, which is a
part of the School of Industrial Engi-
neering. My host during my visit was
Professor César Dopazo, who is the head
of the department. Professor Dopazo has
a strong interest in turbulent combustion
and 1s 1nternationally recognized for his
work on Monte Carlo simulations of tur-
bulent reacting flows.

Although the University of Zaragoza
is the sixth largest University in Spain,
the School of Industrial Engineering (em-
bracing the disciplines of mechanical and
electrical engineering) is the third
largest (after Madrid and Barcelona). Al-
though Dopazo's department is small (two
professors and three research associ-
ates), it is well funded, well equipped,
and housed 1in spacious new quarters ap-
proximately 5 kilometers from the down-
town campus. Dopazo's new combustion
laboratory is egquipped with a Dantec two-
component laser Doppler anemometry (LDA)
system including a computer-controlled
three-dimensional traversing mechanism, a
PDP 11/23 data acquisition system, and a
Malvern (diffraction sensitive) particle
sizing instrument. To support its com-
puting activities, the department has
access to the university's VAX 11/780 and
IBM 340 and soon will have access to a
Cray 1S recently purchased from Office
National d'Etudes et de Recherches Aéro-
spatiales (ONERA) by the Spanish Ministry
of Science and Education and CASA.

Dopazo's problem is not money, it is

people. He has been unable to obtain
governmental approval to increase the
size of his department. In fact, he said,

with twice the number of people, he still
could not do all of the work which he
would be able to obtain funding for. His
biggest need at the moment is to find
someone to direct the construction of his
new combustion laboratory. He is eager to
find a well-trained specialist or post-
doctoral student from the US to complete
and commission this new facility.

Although the attitude of the Spanish
government toward university research has
changed from that of benign neglect to
active support through CICYT, far more
money can be obtained from industrial
contracts Dopazo said. The majority of
the department's work is now involved in
such a contract with a Spanish electric-
power utility. The research involves
carrying out experiments on and devel-
oping computational codes for heavy-oil-
fueled industrial burners. For this pro-
ject, Dopazc intends to wuse hic LDV
equipment in conjunction with the Malvern
instrument to obtain simultaneous veloc-
ity and particle size measurerents in
high~pressure (60 bar) sprays. For this
purpose he has made a 1/3-scale prototype
burner on which he has already made pre-
liminary measurements. A novel feature of
these experiments is the use of a radial
deconvolution technique applied to meas-
urements made at nine different points in
the spray to obtain the radial distribu-
tion of droplet size.

The computational aspects of this
project involving models for drop forma-
tion, vaporization, combustion, and the
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X < of swirl are being carried out in References ‘:‘
: a3 program in collaboration with Jiménez, J., "On the Linear Stabil:ty ot r:a
by Professcr B. Spalding and Professor W.P. the Inviscid KAarmdn Vortex Street,” 0
R Jores of Imperial College (UK). This work Journal of Flutd Mechanics {1987a). v
; i carried out by a Spanish Ph.D. Jiménez, J., "Bifurcations and Bursting -
~ who 1is now at Imperial College. in Two-Dimensional Poiseille Flow," '
Ko this student will be wusing (Manuscript submitted to Tk Lo e A
My s two-tluid model, Dopazo has of Fluids, June 1987b). ]
Y : rdeas about the proper modeling Jiménez, J., M. Cogollos, and L.P. }
N of ar 3 He has developed what he be- Bernal, "A Perspective View of the 4
N lieves to be the most rigorously defen- Plane Mixing Layer," Joyruz’? o 2yl 3
‘ sible governing equations obtained to Mechanies, 152 (1985), 125-143. t
i date, using what he calls an "indicator"
. appreach for the continuous phase and a
L holtonann-like approach for the dispersed
B vhae, To include the effects of turbu- 8/6787
¥ L~ r.oe he uses the k-¢ model for the con- .
. tirucus phase and has found a way of re-
P latinag the kinetic energy of the dis- :
versed rhase to the kinetic energy of the .
cont s phase. In this way, only 3 or Ocean SClenceS
) : irn addition to those required to i
. continuous phase flow are re- (2
- : Already the technique has been ()
' L1+l to the flow in an axisymmetric %
.; 1 which 1t was found that the mean COST-43: SEMINAR ON OPERATIONAL OCEAN 4
(A ', turbulence stresses, turbulence STATION NETWORKS .
4 - =nergy, and to a lesser extent %
~encer-line velocity could be accu- by Jerome «~illiams. : ¥
L, ratel, predicted. For modeling combus- 18 the Liaison Scientist for !
: rion »ffaects Dopazo proposes to use a in Europe and the Middle ..
vropabality density  function (pdf) ap- Office of Naval Fesearch's
. prosci i conjunction with a Monte Carlo Office. He 1s on leave coamby
RUEE SRR 1987 from the US Naval Adcadermy, whore he
! ts Associate Chairman of the Jeearcaraphy -
i U ns Department. -
, socause of the lack of an estab- h
“ Jished tradition of £luid mechanics re- )
<vapon L0 Spain, there exist only a few Created in 1970 from Working Group N
:: centers such  as  those 1in Madrid and 43 of the European Cooperation in the 0
. K ~71 which have well-developed re- Field of Scientific and Technical Re- O
sevarch, programs., To some extent this has search organization, COST-43 has been \
ceen fostered by the attitude of the na- coordinating and encouraging the deploy- =
™ tisral government which, as reported to ment and use of both national and multi-
'1 v+, na< long regarded research as an un- national data buoys for 17 years. These A
5 we lcore adiunct to teaching. There are include both drifting and moored buoys. N
: *suns that this is changing with the es- The fifth COST-43 technical seminar was &
> tubiishment of a national agency for held in June 1987 at Brest, France, where L
193 findinyg university research (CICYT) which the host organization, Institut Francais :-_
h rir-ady introduced special-focus pro- de Recherche pour 1l'Exploitation de la
¢ *~ ancourage research in fields of Mer (IFREMER), has its largest laboratory -
) w4 tochnological importance such as facility (see page 61). The papers pre- :
Q 3 ‘~<uctor physics. Such a program in sented at this meeting have been issued :
. tre aron of fluid mechanics has recently in a seminar proceedings and are avail- {
3 Leeen ruposed, and a cataloging of cur- able from the CO0ST-43 Technical Secre- %
. rent 1 luid mechanics research activities tariat, Christian Michelsen Institute, Y
4:.0 ¢ Tources is  just now nearing com- Fantoftvegen 38, N-5036 Fantoft-Bergen, PN
it oo, Norway. :
wiwhi  the prospects of increased
nati.n i suppert and with the increased COST-43 Programs Y
e et of Spanish industry in uni- A very appropriate ovening to the ':'
Geercite vesearch, it is 1likely that conference was offered by D.N. Axtord, UK .:
tre et fow years will see a sharp in- Meteorological Office, who describoed the
SRR i1, the number of Spanish uni- development and activities of COST-43 ‘.a‘
“=10 .- ddeveloping  high-quality re- from the early days to the present . o) - b
e wrograms in the field of fluid lowing its formation in 1970, —aricus
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A total of eight automatic marine
weather stations used by Finland mostly
at 1island locations in the Baltic, Gulf
of Bothnia, and Gulf of Finland were next
described by H. Gronvall, Finnish Insti-
tute of Marine Research, Helsinki. Wind
speed and direction; atmospheric pres-
sure, temperature, and humidity; and sea-
surface temperature and conductivity were
measured at these stations. The stations
have a good reliability record, with an
average "up" time of 85 percent. Inter-
estingly enough, comparison of wind data
taken at these over-water locations show
wind speeds twice as great as those meas-
ured over land.

The technical and operational expe-
riences of the SOBA program were reviewed
by T. Kvinge, Christian Michelsen Insti-
tute, Bergen, Norway, who was personally
involved with evaluating various specific
drifting buoy types over a period of 3
years. Instrumentation varied from buoy
to buoy with a minimum of air pressure
and SST being measured. Since the ARGOS
system determines buoy location during
telemetry, allowing for a calculation of
surface drift, the data were collected
using this system. A total of 17 buoys
have been deployed in this program, 13 of
which have completed their active lives,
Of the 13 that are no longer in service,
lifetimes varied from 0 to 420 days,
with an average life span of 172 days.
Six of the buoys lasted longer than 200
days, while three lasted less than
10 davs.

Along a similar vein, the SCOS pro-
gram was discussed by P. Blouch (CMM),.
Between Nove